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16.  Abstract 

'The  study  estimates  the  additional  costs  that  would  be 
incurred  by  both  the  FAA  and  airport  and  airway  users  as 
a result  of  implementation  of  the  Upgraded  Third  Genera- 
tion Air  Traffic  Control  System  (UG3RD) . Annual  cost 
estimates  are  provided  for  engineering  and  development, 
facility  and  equipment  expenditures,  and  maintenance 
expenses  for  the  period  1976  through  2000.  Separate 
cost  detail  is  provided  for  the  Discrete  Address  Beacon 
System,  Intermittent  Position  Control,  Control  Automa- 
tion, and  the  Wake  Vortex  Avoidance  System.  These 
components,  in  various  combinations,  have  been  evaluated 
as  part  of  a cost-benefit  analysis  of  the  UG3RD  system. 

In  addition,  certain  unit  costs  were  estimated  for  use 
in  valuing  potential  UG3RD  benefits.  These  costs  con- 
sisted of  the  value  of  passenger  time, aircraft  operat- 
ing costs,  and  the  costs  of  aviation  accidents  and 
fatalities . 
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EXECUTIVE  SUMMARY 


The  present  study  provides  estimates  of  the  additional  costs 
that  would  be  incurred  by  both  the  FAA  and  airport  and 
airway  users  as  a result  of  implementation  of  the  Upgraded 
Third  Generation  Air  Traffic  Control  System  (UG3RD) . Annual 
cost  estimates  are  provided  for  engineering  and  development, 
facility  and  equipment  expenditures,  and  maintenance  expenses 
for  the  period  1976  through  2000,  Separate  cost  detail  is 
provided  for  the  Discrete  Address  Beacon  System,  Intermittent 
Position  Control,  Control  Automation,  and  the  Wake  Vortex 
Avoidance  System.  These  components,  in  various  combinations, 
have  been  evaluated  as  part  of  a cost-benefit  analysis  of 
the  UG3RD  system  [ ] . In  addition,  certain  unit  costs  were 

estimated  for  use  in  valuing  potential  UG3RD  benefits.  These 
costs  consisted  of  the  value  of  passenger  time  aircraft 
operating  costs,  and  the  costs  of  aviation  accidents  and 
fatalities . 

Cost  estimates  represent  marginal  costs.  Annual  FAA  engineering 
and  development  costs  were  obtained  from  various  engineering 
development  groups  within  the  Federal  Aviation  Administration, 
from  concurrent  analyses  of  individual  UG3RD  components,  and 
existing  implementation  plans.  To  determine  FAA  and  user 
costs  for  facilities,  equipment,  and  maintenance,  annual  inven- 
tory estimates  of  items,  or  net  new  additions,  were  multiplied 
by  appropriate  unit  cost  estimates. 

Where  ever  possible,  results  of  existing  or  concurrent  studies 
of  UG3RD  components  were  used  to  provide,  support,  or  validate 
the  cost  results  presented  here. 
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1 . 0 Introduction 

A system  cost-benefit  study  of  proposed  investment  in  the 
Upgraded  Third  Generation  Air  Traffic  Control  (UG3RD)  has 
been  conducted  by  the  Federal  Aviation  Administration  (FAA) 
with  the  assistance  of  several  independent  research  organi- 
zations. Findings  are  documented  in  Policy  Analysis  of  the 
UG3RD  ATC  System  [isl- 

Costs  and  benefits  of  implementing  alternative  UG3RD  systems 
are  estimated  vis-a-vis  continuation  of  the  present  air 
traffic  control  system.  The  analysis  valued  the  costs  and 
benefits  of  five  alternative  UG3RD  systems  composed  of 
potential  combinations  of  UG3RD  components.  Alternative  UG3RD 
configurations  selected  for  evaluation  consisted  of  component 
combinations  which  produce  system  interaction  and  bound  the 
range  of  potential  program  costs  and  types  of  benefits.  For 
each  alternative  UG3RD  configuration,  the  added  cost  of  airport 
and  airway  services  associated  with  UG3RD  implementation  was 
quantified  for  both  the  Federal  Aviation  Administration  and 
for  airway  system  users.  Costs  were  compared  with  the  value 
of  potential  improvements  in  the  airport  and  airway  system. 

Benefits  consisted  of  increased  airport  capacity  and  reduced 
delay,  savings  from  reduced  FAA  staff  requirements,  and  improved 
airway  system  safety. 

System  cost-benefit  findings  are  based  on  analyses  supplied  by 
several  research  organizations.  MITRE  Corporation  evaluated 
the  impact  of  various  potential  UG3RD  configurations  on  airport 
capacity  and  aviation  safety  [32  & 33] . Battelle  Columbus  Laboratories 
translated  UG3RD  impacts  on  airport  capacity  into  estimates 
of  changes  in  aircraft  and  passenger  delay  [30].  Labor 
productivity  impacts  are  based  on  research  conducted  at 
Stanford  Research  Institute  [10]  and  Administrative  Science 
Corporation  [1] . Cost  estimates  and  assessment  of  energy  and 
environments  impact  of  the  UG3RD  was  the  responsibility  of  the 
Transportation  Systems  Center  (TSC) . 

The  present  document  presents  UG3RD  cost  estimates  and  describes 
estim.ation  procedures. 
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1.1  Objective  of  the  Study 

The  objective  of  the  present  study  was  to  provide  estimates 
of  the  additional  costs  that  would  be  incurred  by  both  the 
FAA  and  airport  and  airway  users  as  a result  of  the  imple- 
mentation of  a UG3RD  system.  Annual  cost  estimates  are 
required  for  the  period  of  envisioned  system  life,  1976 
through  2000,  and  consist  of  engineering  and  development 
costs,  facility  and  equipment  expenditures,  and  operational 
maintenance  expenses.  The  nine  potential  components  of  the 
UG3RD  system  are; 

1.  Discrete  Address  Beacon  System  (DABS) 

2.  Intermittent  Positive  Control  (IPC) 

3.  Control  Automation 

4.  Microwave  Landing  System  (MLS) 

5.  Area  Navigation  (RNAV) 

6.  Aeronautical  Oceanic  Satellites  (AEROSAT) 

7.  Airport  Surface  Traffic  Control  (ASTC) 

8.  Wake  Vortex  Avoidance  System  (WVAS) 

9.  Flight  Service  Station  (FSS) 

In  addition  to  provision  of  UG3RD  system  cost  estimates, 
certain  unit  costs  were  required  in  conjunction  with 
estimation  of  potential  UG3RD  benefits.  Thus,  estimates 
were  also  prepared  of  aircraft  operating  costs  by  terminal, 
the  value  of  passenger  time,  and  costs  of  aviation  accidents 
and  fatalities. 


1.2  Approach 


A consistent  set  of  annual  system  cost  estimates  were  developed 
for  four  of  the  nine  component  programs  of  the  UG3RD — WVAS, 

DABS,  IPC,  and  control  automation.  Cost  estimates  of  UG3RD 
components  represent  marginal  costs,  that  is  those  costs 
that  are  exclusively  associated  with  the  implementation  of 
the  UG3RD  program.  Annual  FAA  engineering  and  development 
cost  estimates  were  obtained  from  various  engineering 
development  groups  within  the  FAA,  from  concurrent  cost- 
benefit  analysis  of  individual  components!/  and  from 
present  FAA  implementation  and  development  plans  (see  UG3RD 
Baseline  and  Implementation  Scenario  [22]  ) . Unit  costs  for 
FAA  individual  facilities  and  FAA  and  user  equipment  were 
also  obtained  from  FAA  development  groups  and  individual 
component  cost-benefit  analyses,  but  this  information  was 
supplemented  with  data  taken  from  independent  research  sources. 

To  determine  annual  FAA  and  user  costs  for  facilities,  equip- 
ment, and  maintenance,  annual  inventory  estimates  of  those 
items,  or  net  new  additions,  were  multiplied  by  appropriate 
unit  cost  estimates.  Data  on  net  new  additions  and  annual 
equipment  inventories  were  taken  from  siting  assumptions  of 
the  UG3RD  cost-benefit  analysis  [18]  and  from  other  FAA 
implementation  plans  [22l- 

In  addition  to  a system  cost-benefit  of  the  UG3RD,  the  FAA 
is  also  conducting  cost-benefit  studies  of  individual  UG3RD 
components.  Wherever  possible,  results  of  these  studies  of 
individual  components  were  used  to  provide,  support  or  validate 
the  cost  results  used  here.  This  promotes  consistency  between 
the  present  effort  and  other  related  cost  research.  Also,  the 
present  work  has  been  formatted  and  incorporated  into  the  UG3RD 
system  cost-benefit  analysis  in  a fashion  that  permits  convenient 
updating  of  cost  information. 

1 . 3 Organization  of  the  Report 

The  remainder  of  this  report  is  organized  to  present  the  major 
assumptions  that  guided  the  study  in  Chapter  2.  Cost  analyses 
of  UG3RD  components  are  presented  in  Chapters  3 through  5. 

Unit  cost  data  used  in  estimating  certain  potential  cost  savings 
obtainable  through  implementation  of  the  UG3RD  are  contained  in 
Chapter  6. 
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Cost-benefit  analyses  of  individual  components  of  the 
UG3RD  were  conducted  concurrently  with  the  system  cost- 
benefit  analysis. 


2,0 


Major  Assumptions 


This  Chapter  details  the  major  assumptions  that  affect  the 
estimation  of  system-level  costs  in  connection  with  the 
Upgraded  Third  Generation  System  Cost-Benefit  Analysis.  It 
details  the  configurations  selected,  the  aviation  scenarios 
pertinent  to  the  cost  estimation  process,  and  discusses 
implementation  and  transition  scenarios.  Specific  attention 
is  given  to  the  user  fleet  and  avionics  assumptions. 

2 . 1 System  Configurations 

As  indicated  in  Chapter  1,  there  are  nine  potential  components 
which  could  be  used  to  develop  a UG3RD  system  (descriptions 
of  these  components  are  given  in  succeeding  chapters  of  this 
report).  With  nine  components  from  which  to  form  combinations, 
there  are  numerous  possible  alternative  UG3RD  configurations. 

In  conducting  the  UG3RD  system  cost-benefit  analysis  [18], 
a decision  was  therefore  made  to  select  a limited  number  of 
configurations  for  analysis.  Candidates  for  inclusion  in  the 
system  cost-benefit  analysis  were  evaluated  from  several 
perspectives.  First,  configurations  should  provide  benefits 
which  are  truely  the  products  of  an  integrated  system  rather 
than  simple  aggregations  of  improvements  obtainable  from 
independent  implementation  of  components.  The  combinations 
finally  selected  focused  on  benefits  in  the  areas  of  capacity 
improvement,  delay  reduction,  controller  staff  savings,  safety 
improvements  and  energy  and  environmental  impacts.  A second 
criteria  used  to  establish  alternative  configurations  for  the 
UG3RD  system  cost-benefit  analysis  was  that  the  configurations 
should  bound  the  range  of  possible  system  costs.  Further, 
all  systems  had  to  be  technically  feasible  and  should  indicate 
the  sensitivity  of  UG3RD  costs  and  benefits  to  the  scope  of 
program  implementation. 

Using  these  guides,  the  alternatives  were  distilled  into  five  1/ 
technically  feasible  UG3RD  equipment  configurations.  The  con- 
figurations studied  in  the  UG3RD  system  cost-benefit  analysis 
are  presented  in  Table  2.1.  Certain  potential  UG3RD  components 
were  excluded  from  these  configurations  because  benefits  obtain- 
able from  the  components  did  not  vary  as  a function  of  other 
elements  included  in  the  system.  Excluded  elements  consisted 


T7  Initially , a sixth  configuration  was  considered,  but  it 
was  discarded  during  the  actual  system  cost-benefit 
analysis  due  to  lack  of  significant  difference  in  impacts 
of  the  configuration  on  airport  capacity  and  delay. 
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TABLE 


of  the  microwave  landing  system,  flight  service  stations,  area 
navigation,  airport  surface  traffic  control,  and  aeronautical 
ocean  satellites.  The  costs  and  benefits  of  systems  containing 
these  items  can  be  estimated  by  adding  costs  and  benefits 
associated  with  the  individual  items  to  those  of  the  systems 
listed  in  Table  2.1. 

2 . 2 Future  Aviation  Scenarios 

In  responding  to  the  Department  of  Transportation's  review  of 
the  Upgraded  Third  Generation  System,  the  Federal  Aviation 
Administration  produced  a series  of  projections  of  future 
aviation  activity.  These  forecasts  are  documented  in  UG3RD 
Baseline  and  Implementation  Scenario  [22  ] ste  based  on 

extensions  of  past  trends  in  both  aviation  and  the  economy. 

They  include  the  following  types  of  data  for  the  1975-2000 
time  frame: 

1.  National  Forecasts  for  the  Period  1975  through 
2000 — annual  operations,  enplanements , and 
revenue  passenger  miles. 

2.  Characteristics  of  User  Operations — fleet  mixes  and 
operational  characteristics,  airlines  environments, 
and  avionics  capabilities,  cost,  and  distribution. 

3.  Airports — inventory,  status,  and  shifts  in 
functional  roles. 

4.  Regulatory  and  Economic  Considerations--rate  and 
route  structure,  cost  allocation  features,  taxes, 
quotas,  and  curfews. 

5.  Limiting  System  Factors — energy,  airspace,  access, 
and  materials  limitations. 

6.  Implementation  Considerations — inventory  and 
costs  by  year. 

For  the  purposes  of  this  study,  several  additional  elements 
of  the  future  were  considered  important.  Of  special  interest 
in  estimating  costs  are  assumptions  about  avionics  equipage 
by  year.  It  therefore  became  necessary  to  validate  previous 
plans  in  these  areas  or  update  past  information  with  more 
current  or  reasonable  projections. 
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The  recent  Department  of  Transportation  Study  on  the  Advanced 
Air  Traffic  Management  System  (AATMS)  provided  a starting 
point  in  these  two  areas  [34].  Results  and  methodology  of  the 
present  cost  study  incorporated  that  work  when  other,  more 
up-to-date  information  was  not  available.  In  the  avionics 
area,  AATMS  Study  defined  six  aircraft  avionics  classes  as 
representative  of  the  range  of  user  equipment  and  capabilities 
that  exist  in  the  system.  These  classes  are  also  used  here. 

The  AATMS  Study  populations  and  equipage  for  various  aircraft 
avionics  classes  were  updated,  however,  to  be  consistent  with 
total  fleet  size  projections  given  in  UG3RD  Baseline  and 
Implementation  Scenario . In  general,  avionics  implementation 
timing  was  based  on  projected  initial  equipment  availability 
by  year,  final  operational  configuration  by  year  (see  Table 
2.4),  and  an  assumed  linear  growth  rate  between  those  points. 
Specific  procedures  for  each  UG3RD  component  are  given  in 
Chapter  3.  The  following  parts  of  this  chapter  discuss 
fleet  size  and  avionics  equipment  by  class  for  the  fleet. 

2 . 3 Fleet  Size  Forecasts 

Forecasts  of  the  total  air  carrier  and  general  aviation  fleets 
between  the  years  1975  and  2000  used  in  this  Study  were 
developed  for  5-year  intervals  by  the  Office  of  Aviation 
Policy  [22].  These  statistics  are  included  in  Table  2.2  and 
consist  of  total  fleet  population  estimates  for  air  carriers 
and  several  different  categories  of  general  aviation  aircraft — 
single  engine,  multi-engine,  turbine,  and  other.  Linear  interpo- 
lation was  used  to  estimate  fleet  populations  for  the  inter- 
mediate years  in  Table  2.2.  Military  aircraft  were  assumed  to 
be  constant  between  1976  and  the  year  2000.  Total  fleet  size 
estimates  subsequently  were  used  to  develop  aircraft  avionics 
class  populations  used  in  the  present  study. 

2 . 4 Aircraft  Avionics  Classes 

The  Advanced  Air  Traffic  Management  System  Study  defined  six 
aircraft  avionics  classes  to  represent  the  range  of  1995 
requirements  and  needs  for  flight  services  [34].  These 
classes  represent  levels  of  capability  and,  in  total,  the 
diversity  of  avionics  complements  that  the  future  fleet  may 
be  expected  to  install  and  use.  Table  2.3  defines  these 
user  classes.  It  is  expected  that  different  users  would  carry 
avionics  of  different  quality,  redundancy,  and  degree  of 
sophistication,  based  on  the  cost,  safety,  and  level  of  service 
they  choose,  and  the  airspace  category  in  which  they  wish  to 
fly.  Typical  avionics  complement  for  each  aircraft  avionics 
class  assuming  implementation  of  all  potential  UG3RD  com- 
ponents is  given  in  Table  2.4 


7 


TABLE 


(N 

CM 


c/} 

Q) 

q; 

r- 

rr 

o\ 

ro 

m 

o 

00 

VO 

m 

00 

O' 

00 

ov 

m 

00 

VO 

VO 

VO 

rH 

m 

OJ 

o 

VO 

2 

r—{ 

c 

00 

rH 

04 

Ov 

OH 

rH 

00 

00 

o 

04 

OJ 

o 

m 

VO 

OI 

OI 

O' 

ov 

VO 

O* 

00 

O' 

OV 

OI 

o 

O' 

•H 

VX) 

r- 

00 

00 

CT^ 

rH 

o 

04 

00 

00 

O' 

OI 

rH 

VO 

VO 

o 

r- 

o 

<yv 

rH 

<y\ 

o 

00 

M 

c 

m 

m 

00 

CN 

VO 

OV 

Ov 

VO 

m 

rH 

OV 

r- 

VO 

in 

m 

fO 

VO 

O' 

o 

ro 

VO 

iH 

in 

•H 

c 

m 

ro 

m 

in 

in 

VO 

o* 

00 

00 

o 

rH 

OJ 

m 

in 

VO 

O' 

00 

o 

rH 

OI 

in 

u 

u 

o 

w 

u 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

r-H 

rH 

rH 

OJ 

04 

OI 

04 

04 

04 

OI 

OJ 

OJ 

m 

m 

m 

ro 

ro 

(X 

iH 

4J 

VO 

Ov 

<N 

00 

r- 

in 

in 

in 

CTV 

m 

O' 

VO 

o 

ro 

fH 

O 

m 

O' 

VO 

in 

o> 

O' 

rH 

in 

u 

«TJ 

(U 

(N 

O 

00 

VO 

m 

o 

ov 

00 

in 

o 

o 

in 

m 

in 

m 

in 

m 

04 

OI 

Os 

Ov 

<J^ 

VO 

VO 

rH 

u 

4-» 

0) 

O 

VO 

VO 

00 

On 

o^ 

o 

OJ 

o\ 

rH 

o 

m 

o 

m 

00 

O' 

00 

OJ 

o 

TT 

►4 

o 

1— ^ 

Cs 

o 

VO 

rH 

o* 

\n 

vn 

m 

O' 

CO 

Ov 

o> 

in 

00 

»H 

VO 

rH 

O' 

rH 

o 

Ov 

ov 

o 

OI 

CL4  I 

fr> 

oo 

00 

OV 

o 

o 

rH 

rH 

OJ 

ro 

in 

VO 

o* 

Ov 

o 

rH 

ro 

VO 

r** 

OV 

rH 

ro 

VO 

Ov 

rH 

rH 

rH 

(N 

og 

04 

04 

04 

OJ 

OJ 

04 

OJ 

04 

OI 

m 

m 

ro 

ro 

ro 

m 

ro 

in 

E- 

U, 

g 

u 


>1 

u 

, 

. 

, 

. 

. 

. 

. 

. 

. 

. 

, 

. 

, 

. 

. 

. 

. 

<0  4J 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

<D 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

■H  0) 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

rH  rH 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

•H  Ci^ 
2 

OJ 

OI 

OJ 

OJ 

OI 

OJ 

OJ 

OJ 

OJ 

OI 

OJ 

OI 

OI 

OI 

OI 

OJ 

OJ 

04 

OI 

OI 

04 

OI 

OI 

OI 

OJ 

04 

OI 

u 

0) 

4J 

. 

, 

. 

, 

. 

. 

. 

. 

u 

•H 

0) 

V£> 

<yv 

04 

00 

O' 

m 

in 

in 

ro 

VO 

o 

ro 

rH 

o 

rr 

ro 

O' 

VO 

in 

ON 

O' 

rH 

in 

•rt 

u 

0) 

04 

o 

00 

VO 

m 

o 

O' 

o\ 

oo 

m 

ro 

o 

in 

ro 

in 

m 

m 

in 

OI 

04 

ON 

ON 

ON 

VO 

VO 

Tf 

rH 

< 

u 

rH 

in 

VO 

VO 

00 

o\ 

Oh 

o 

rH 

04 

ro 

m 

VO 

r-' 

00 

CTN 

o 

rH 

rH 

OI 

ro 

m 

VO 

O' 

CJ 

Pu 

OI 

OI 

04 

OI 

04 

04 

OI 

m 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

'tT 

TT 

4J 

O 

o 

o 

o 

O 

o 

O 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

O 

• 

(U 

o 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

< 

0) 

in 

o 

o 

o 

O 

o 

o 

o 

rH 

O' 

00 

O 

o 

m 

O' 

ro 

VO 

00 

VO 

ro 

VO 

ON 

VO 

On 

00 

O' 

• 

rH 

rH 

r* 

(N 

00 

TT 

ON 

in 

04 

OI 

OI 

ro 

m 

VO 

CO 

rH 

00 

OI 

O' 

fO 

o 

O' 

in 

'ey 

TT 

in 

O' 

C 

Pu 

VO 

VO 

O' 

00 

00 

Ov 

O 

rH 

OJ 

ro 

m 

VO 

00 

ON 

OI 

OJ 

ro 

in 

O' 

00 

o 

OI 

VO 

00 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

04 

OI 

OI 

OI 

OI 

OJ 

04 

OJ 

OI 

ro 

ro 

ro 

fO 

ro 

ro 

*5J' 

TT 

u 

m 

VO 

P' 

00 

ON 

o 

rH 

(N 

m 

XT 

m 

V£> 

1*" 

00 

ON 

o 

rH 

CM 

m 

m 

VO 

00 

O 

o 

rH 

m 

O' 

P" 

O' 

O' 

O' 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

On 

O' 

ON 

o 

o 

o 

O 

o 

O 

o 

o 

o 

0) 

ON 

ON 

ON 

On 

On 

ON 

o\ 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

O' 

On 

O' 

o 

o 

o 

o 

o 

o 

o 

o 

o 

>• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

i-H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rsi 

<N 

8 


TABLE  2.3 


AIRCRAFT  AVIONICS  CLASSES 


Class  A; 

o IFR  capability  in  all  controlled  (mixed,  positive 
control,  and  high  density)  airspace  regions  of  the 
National  Airspace  System  under  instrument  meteoro- 
logical conditions  (only  VFR  flights  may  be  con- 
ducted in  uncontrolled  airspace) . 

o Equips  with  dual,  high  quality  avionics  character- 
istic of  air  carrier  and  military  aircraft. 

Class  B; 

o IFR  capability  in  all  mixed  and  positive  controlled 
airspace  regions  (requiring  3D-RNAV) , except  where 
procedures  requiring  4D-RNAV  equipment  are  in  effect. 

o Equips  with  dual,  high  quality  avionics  character- 
istic of  expensive  general  aviation  aircraft. 

Class  C; 

o Typically  operates  IFR  in  mixed  airspace  regions. 

o Has  nonredundant , medium  quality  avionics  of 
limited  navigation  (as  above  2D-RNAV)  and  data 
link  communication  capability. 

Class  D: 

o Generally  operates  VFR  in  all  low-density  terminals 
and  mixed  cn-route  airspace. 

o Has  low  cost  avionics  without  area  navigation  equipment. 
Class  E; 

o Typically  operates  VFR  in  mixed  or  uncontrolled  airspace, 
o Has  low  cost  avionics  with  VOR  navigation  equipment. 

Class  F: 

o Operates  in  uncontrolled  airspace  with  only  voice  communi- 
cations and  minimum  VOR  navigation  capabilities. 
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TABLE  2.4 


r 


TYPICAL  AVIONICS  COMPLEMENTS  BY  AIRCRAFT  AVIONICS  CLASS 
ASSUMING  IMPLEMENTATION  OF  ALL  POSSIBLE  UG3RD  COMPONENTS 


i 

j 


I 

1 

I 

i 


t 


Class 

A 


B 


C 


D 


E 


F 


Avionics 


Dual  High  Quality  DABS  Transponders 
Dual  High  Quality  Encoding  Altimeters 
Dual  High  Quality  IPC/ATC  Data  Link  Logic  and 
Displays 

Dual  4D-RNAV  Navigation  Equipment 
Dual  High-Quality  Microwave  Landing  System 
Equipment 

Dual  AEROSAT  Avionics  (Optional) 

Dual  Voice  Communications  Equipment 

Dual  High  Quality  DABS  Transponders 

Dual  High  Quality  Encoding  Altimeters 

Dual  IPC/ATC  Logic  and  Displays 

Dual  Voice  Communication 

Dual  3D-RNAV  Navigation  Equipment 

Dual  Microwave  Landing  System  Equipment 

Dual  AEROSAT  Avionics  (Optional) 

DABS  Transponder 
Encoding  Altimeter 
IPC/ATC  Logic  and  Displays 
2D-RNAV  Navigation  Equipment 
Microwave  Landing  System  Equipment 
Dual  VOR  Navigation  Equipment 
Dual  Voice  Communications  Equipment 

DABS  Transponder 

Encoding  Altimeter 

IPC  Logic  and  Displays 

Dual  VOR  Navigation  Receivers 

Dual  Voice  Communications  Equipment 

DABS  Transponder 

Encoding  Altimeter 

IPC  Logic  and  Display 

Voice  Communications  Equipment 

VOR  Navigation  Receiver 

Voice  Communications  Equipment 
VOR  Navigation  Receiver 
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Users  are  classified  as  "cooperative"  when  they  carry  the 
minimum  required  equipment  to  enable  them  to  fly  in  mixed 
airspace,  namely  a surveillance  transponder,  data  link  (IPC) 
logic  and  displays  when  appropriate,  a voice  communication 
transceiver,  and  some  type  of  navigation  equipment.  Users 
can  choose  to  install  duplicate  sets  of  equipment  to 
increase  reliability.  Optional  collision  avoidance  or 
proximity  warning  system  equipment  may  also  be  added.  It 
is  anticipated  that  a wide  variety  of  avionics  subsystems 
will  be  available,  enabling  users  to  assemble  a functional 
complement  of  equipment  with  considerable  cost  latitude. 

2 . 5 Estimates  of  Aircraft  Avionics  Population  Size 

The  aircraft  data  presented  in  Table  2.2  is  classified  by 
user  type,  and  within  user  type  by  type  of  aircraft — 
air  carrier,  military,  and  general  aviation-single-engine, 
multi-engine,  turbine,  and  other.  To  estimate  avionics 
cost,  the  present  study  translated  the  FAA  fleet  forecast 
data  into  a year-by-year  forecast  according  to  the  aircraft 
avionics  classes  defined  in  Table  2.3.  The  methodology  for 
translating  FAA  forecast  data  into  the  six  aircraft  avionics 
classes  follows. 

Class  A users  were  assumed  to  be  comprised  of  all  air  carrier 
and  air  taxi  aircraft,  as  well  as  half  of  the  military  fleet. 
Class  B aircraft  were  assumed  to  include  all  general  aviation 
turbine  aircraft,  80  percent  of  general  aviation  multi-engine 
aircraft,  and  those  military  aircraft  excluded  from  Class  A. 
Remaining  general  aviation  multi-engine  aircraft,  general 
aviation  "other"  aircraft,  and  25  percent  of  the  general 
aviation  single-engine  fleet  were  grouped  into  Class  C. 

Class  E consists  of  25  percent  of  the  general  aviation  single- 
engine aircraft  and  Class  F consists  of  10  percent  of  the 
general  aviation  fleet,  taken  from  the  classification  of 
single-engine  aircraft.  The  remainder  of  the  fleet,  which 
consists  of  the  remainder  of  the  general  aviation  single- 
engine fleet,  was  defined  as  Class  D. 

Using  the  above  methodology,  fleet  population  estimates  made 
by  the  Federal  Aviation  Administration  were  translated  into 
relevant  estimates  of  fleet  size  by  avionics  categories. 

Table  2.5  presents  a year-by-year  breakdown  of  class 
populations.  These  are  consistent  with  the  forecast  data 
presented  in  Table  2.2. 
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Five  avionics  complexes  are  required  to  interface  with  the 
Upgraded  Third  Generation  System.  These  five  subsystems 
are  the  Discrete  Address  Beacon  System  (DABS) , Intermittent 
Positive  Control  (IPC) , Microwave  Landing  System  (MLS) , 

Area  Navigation  (RNAV) , and  Aeronautical  Oceanic  Satellite 
(AEROSAT)  Avionics.  These  five  equipment  complexes  have 
varying  implications  insofar  as  the  total  system  cost  are 
concerned.  The  extent  of  equipage  for  DABS  and  IPC  will 
change  with  the  system  configuration  under  analysis. 

Equipage  of  other  avionics  equipments  are  constants  for  the 
all  configurations  evaluated  by  the  UG3RD  system  cost-benefit 
analysis.  Subsequent  chapters  discuss  assumptions  for  each 
of  these  components  as  a function  of  the  UG3RD  system  con- 
figuration, year,  and  aircraft  avionics  classes.  Equipment 
indicated  in  Table  2.4  which  are  not  part  of  the  UG3RD  were 
not  costed  as  a part  of  this  project.  Complete  system  cost 
estimates  for  these  elements  are  available  in  the  various 
reports  of  the  AATMS  Study. 
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3.0  Discrete  A^ress  Beacon  System  (DABS)  and  Intermittent 
Po3iti\^  ControT  (IPC) 


The  Discrete  Address  Beacon  System  (DABS)  is  an  aircraft 
surveillance  system  which  will  provide  a data  link  between 
ground  stations  and  controlled  aircraft.  The  data  link  feature 
will  be  capable  of  supporting  an  automated  Intermittent  Positive 
Control  System  (IPC) . DABS  is  an  evolutionary  replacement  for 
the  present  surveillance  system — the  Air  Traffic  Control  Radar 
Beacon  System  (ATCRBS) . 

Cost  analyses  of  DABS  and  IPC  assume  that  at  the  time  of 
transition  from  ATCRBS  to  DABS  or  DABS  and  IPC  in  combination, 
the  ATCRBS  system  will  be  at  a certain  stage  of  development. 

The  relevant  costs  of  DABS  or  DABS  and  IPC  implementation  for 
purposes  of  cost-benefit  analysis  are  the  difference  between 
total  expenses  of  design,  purchase,  and  maintenance  of  DABS 
and  IPC  equipment  and  the  cost  of  continuing  to  expand,  improve, 
and  use  ATCRBS  in  the  absence  of  DABS  and  IPC  introduction. 

Thus,  this  chapter  first  presents  estimates  of  annual  expenses 
that  will  be  incurred  in  continuing  to  use  the  ATCRBS  system. 
Second,  estimates  of  the  annual  cost  of  designing,  purchasing, 
and  maintaining  various  configurations  of  DABS  and  IPC  equip- 
ment are  given.  Finally,  differentials  of  DABS  and  IPC  costs 
vis-a-vis  continuation  of  the  ATCRBS  surveillance  system  are 
provided. 

3.1  Baseline — Continuation  of  ATCRBS 


The  ATCRBS  is  a radar  beacon  system  where  a ground  inter- 
rogator transmits  a pair  of  time-coded  pulses  to  aircraft 
by  a highly  directive  antenna  which  in  turn  elicits  a reply 
from  airborne  transmitters.  The  15-bit  identity  or  altitude 
message  from  responding  aircraft  is  radiated  nondirectionally . 
The  system  is  used  in  conjunction  with  primary  radar.  Present 
airport  and  airway  system  plans  call  for  retention  of  the 
existing  131  enroute  facilities  and  expansion  of  terminal 
facilities  from  180  to  227  [24]  by  2000.  Since  1961,  per- 
formance of  the  ATCRBS  system  has  been  gradually  upgraded 
and  it  has  become  the  primary  source  of  surveillance  for 
air  traffic  control.  The  original  64-code  reply  message  has 
been  upgraded  to  4096-code  capability.  Frequently  encountered 
problems  at  the  introduction  of  ATCRBS,  for  example,  the 
phenomena  of  false  targets  or  ring  around  on  controller's 
displays,  have  been  reduced. 
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It  is  anticipated  that  certain  improvements  will  be  made  to 
the  present  ATCRBS  system  independent  of  any  decision  to 
implement  DABS  and  IPC  [27] . These  improvements  consist  of 
the  following  items. 

1.  Antenna  System  - aperture  and  monopulse 

2.  Multichannel  Receiver 

3.  ATCRBS  Reply  Processor 

4.  Surveillance  Processor 

5.  ATCRBS  Reply  Correlator 

6.  ATCRBS  Scan-to-Scan  Correlator 

7.  Radar/Beacon  Correlator,  and 

8.  Surveillance  Data  Distribution  Interface 

Presently  anticipated  ATCRBS  improvements  include  the  monopulse 

receiver  which  will  improve  azimuth  accuracy.  In  addition,  the 
monopulse  receiver  will  detect  a target  on  a single  pulse  which 
will  reduce  electromagnetic  interference  on  radar  screens. 

Range  accuracy  of  ATCRBS  will  remain  the  same  as  present 
experience  because  this  source  of  error  lies  in  transponder 
characteristics  and  will  not  be  altered  until  DABS  trans- 
ponders become  available.  Similarly,  asynchronous  garble 
and  false  targets  which  will  continue  to  exist  under  ATCRBS 
will  be  eliminated  by  DABS. 

The  per  unit  facility  and  equipment  (F&E)  costs  of  an  ATCRBS 
ground  site  was  $258,000  in  1972  [25].  Annual  operations  and 
maintenance  costs  in  1972,  averaged  over  the  313  sites,  are 
estimated  at  $22,000.  Additional  F&E  unit  costs  per  site 
for  anticipated  ATCRBS  improvements  were  estimated  at 
$180,000  [21]  and  annual  operations  and  maintenance  costs 
are  estimated  at  $18,000  per  year  per  site,  or  10  percent  of 
the  F&E  cost.  Total  unit  costs  of  new  ATCRBS  facilities, 
including  all  proposed  improvements,  in  1975  dollars,  are: 
$502,000  for  facility  and  equipment,  and  $45,000  annual 
maintenance  cost. 
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General  aviation  ATCRBS  transponders  are  currently  available 
for  about  $600.  Air  carrier  avionics  cost  about  $13,775; 

Mode  C equipment  costs  about  $6,000.  Additional  information 
on  baseline  avionics  costs  are  given  in  Table  3.1.  An  estimate 
of  aircraft  which  were  equipped  in  1975  with  beacon  equipment 
is  shown  in  Table  3.2.  Even  though  the  military  fleet  were 
known  to  be  only  half  equipped  with  Mode  C equipment  in  1975, 
they  have  an  aggressive  program  to  complete  the  Mode  C 
equipage  of  their  fleet.  All  military  aircraft  are,  therefore, 
assumed  to  be  Mode  C equipped  today.  Estimates  of  general 
aviation  transponder  and  Mode  C equipment  vary. 
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TABLE  3.1 


ATCRBS  AVIONICS 


Aircraft  Avionics  Class 

Transponder 

Mode  C ; 

Altimeter  : 

A (Commercial,  Dual) 

$13,775 

$6,000  i 

(Military) 

3,850 

1,500  : 

B (General  Aviation,  Dual) 

11,160 

6,000  i 

(Military) 

3,850 

1,500 

C (General  Aviation) 

2,200 

1,680  i 

D (General  Aviation) 

700 

720  i 

E (General  Aviation) 

700 

720  i 

Tables  3.3  and  3.4  present  estimates  of  the  percent  of  aircraft 
avionics  classes  equipped  with  ATCRBS  transponders  and  Mode  C 
equipment  for  the  period  1975  through  2000.  Table  3.3  reflects 
past  trends  to  more  equipment  spurred  by  greater  emphasis  on 
Terminal  Control  Areas,  general  lowering  of  the  positive 
controlled  air  space  floor,  improved  radar  services  available, 
and  upward  growth  in  Mode  C equipment  based  on  many  of  the 
same  factors.  The  aircraft  avionics  classes  are  those 
discussed  in  Chapter  2. 


Tables  3.3  and  3.4  were  used  as  the  basis  for  preparing  a 
baseline  scenario  of  ATCRBS  avionics  deployment  and  total 
user  costs  by  year  (see  Table  3.5).  Based  on  Tables  3.3 
and  3.4,  the  additional  number  of  ATCRBS  transponders  and 
Mode  C equipment  added  to  the  fleet  each  year  were  computed. 
Net  additions  were  multiplied  by  unit  cost  estimates  for 
each  aircraft  avionics  class  to  estimate  the  total  annual 
avionics  F&E  cost  for  the  implementation  of  baseline  beacon 
and  Mode  C equipment  and  presents  net  new  avionics  purchase 
costs  that  will  be  borne  by  users.  In  addition,  while  the 
cost  of  existing  ATCRBS  and  Mode  C equipment  is  not  in 
Table  3.5,  the  cost  of  replacing  these  items  in  the  future 
(replacement  avionics  purchases)  is  estimated  and  included 
in  the  grand  total  of  avionics  purchases.  Table  3.6 
summarizes  all  anticipated  additional  costs — both  user 
avionics  costs  and  costs  borne  by  the  FAA  for  facility 
expansion  and  improvements — of  continuing  with  ATCRBS 
through  the  year  2000.  The  table  was  used  as  the  baseline 
avionics  equipment  scenario  in  determining  the  additional 
cost  of  DABS  or  DABS/IPS  configurations. 
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Costs  exclude  engineering  and  development  expenses  for  ATCRBS  improvements.  These  are 
estimated  at  $100,000  per  year  for  the  period  1976  through  1983. 


3 . 2 DABS  and  I PC  Implementation 

The  fundaunental  difference  between  DABS  and  ATCRBS  is  in  the 
manner  of  addressing  aircraft  and  selecting  aircraft  to  respond 
to  an  interrogator.  Under  ATCRBS,  all  aircraft  within  antenna 
beeim  width  are  addressed  with  the  same  code.  With  DABS,  each 
aircraft  is  assigned  a unique  address  code,  and  each  aircraft 
responds  only  to  an  interrogation  that  includes  that  address. 
Therefore,  each  DABS  interrogation  is  directed  at  a particular 
aircraft.  An  integral  part  of  DABS  is  a data  link  where 
messages  may  be  added  immediately  following  the  discrete 
address,  thus,  providing  a ground-alr-ground  digital  communi- 
cations capability. 

Two  major  advantages  accrue  from  the  use  of  discrete  addresses. 
An  interrogator  will  be  able  to  limit  its  interrogations  to 
particular  targets  of  interest,  rather  than  continuously 
interrogate  all  targets  within  line-of-sight . Second,  by 
appropriate  timing  of  interrogations  and  channel  management, 
aircraft  responses  will  not  overlap.  As  a result,  two 
fundamental  ATCRBS  limitations  will  be  overcome;  system  satura- 
tion and  synchronous  garble. 

Another  significant  feature  in  DABS  is  that  it  can  support  a 
collision  avoidance  system  utilizing  ground-derived  threat 
data  and  the  DABS  data  link.  Intermittent  Position  Control 
(IPC)  is  a ground  based  collision  avoidance  system  using  DABS 
surveillance  and  data  link  communications  and  computer  tracking 
to  provide  automatic  warning  and  maneuver  commands  to  DABS/IPC 
equipped  aircraft  to  avoid  potential  collision  hazards  with 
other  beacon-equipped  aircraft.  The  IPC  utilizes  DABS  surveil- 
lance data  to  generate  its  own  aircraft  track  and  position 
predictions.  From  these,  predictions  of  potential  conflict 
situations  are  made  and  pilot  warning  and  conflict  resolution 
messages  are  sent  to  the  aircraft  involved  utilizing  the  DABS 
data  link. 

3.2.1  Implementation  Assumptions 

The  UG3RD  system  cost-benefit  analysis  evaluates  alternative 
configurations  which  assume  an  absence  of  DABS  and  IPC 
(Configuration  1) , installation  of  DABS  with  and  without 
IPC  at  100  sites  (Configurations  2 and  4) , and  installation 
of  DABS  with  and  without  IPC  at  300  sites  (Configurations  3 
and  5).  See  Table  2.1  for  siting  and  configuration  assumptions. 


3. 2. 1.1  FAA  Facilities  and  Equipment 


Table  3.7  summarizes  the  assumed  implementation  schedule  for 
DABS  and  IPC  sites.  It  was  assumed  that  a final  implementation 
decision  of  DABS  and  IPC  equipment  would  be  made  in  the  early 
1980 's.  The  firsc  deployment  would  take  place  in  1984.  This 
assumption  is  consistent  with  an  optimistic  estimate  of  DABS 
and  IPC  technical  availability  made  by  MITRE  Corporation  and 
the  Office  of  Systems  Engineering  Management  (OSEM) , FAA  [26]. 
Each  site  was  assumed  to  require  two  years  for  installation, 
checkout,  and  commissioning.  Final  completion  of  installations 
under  all  configurations  is  assumed  to  occur  in  1992.  Overall 
implementation  rates  are  generally  consistent  with  present 
implementation  plans  provided  by  the  Office  of  Aviation  System 
Plans,  FAA,  appearing  in  UG3RD  Baseline  and  Implementation 
Scenario  [22].  Table  3.7  is  used  to  help  determine  cost  streams 
associated  with  DABS  and  IPC  implementation. 

3. 2. 1.2  User  Avionics 

Estimates  were  also  made  of  the  acquisition  of  DABS  and  IPC 
avionics  by  the  civil  and  military  air  fleets.  Assuming  that 
manufacturers  initiate  avionics  production  soon  after  a 
Government  decision  to  implement  DABS  and/or  IPC,  avionics 
equipment  would  be  available  for  purchase  by  1985.  User 
costs  of  DABS  and  IPC  avionics  depend  not  only  on  equipment 
prices,  but  also  on  the  quality  of  equipment  purchased  by  the 
user  and  the  extent  to  which  the  fleet  is  outfitted.  Given 
uncertainty  about  the  future  equippage  level  of  the  fleet 
and  the  quality  of  avionics  which  will  be  installed,  a range 
estimate  was  established  for  the  DABS/IPC  component.  The 
upper  bound  assximes  a large  portion  of  airline  quality  equip- 
ment will  exist  in  the  general  aviation  fleet;  the  lower 
bound  assumes  a predominance  of  standard  and  medium  quality 
avionics. 

Implementation  levels  and  rates  for  DABS/IPC  avionics  are  not 
considered  to  vary  with  the  assumed  quality  of  equipment 
purchased,  but  are  assumed  to  vary  with  the  extent  to  which 
DABS/IPC  service  is  initiated  by  FAA.  Accordingly,  separate 
user  avionics  deployment  assumptions  are  made  for  UG3RD 
Configurations  2 and  3,  UG3RD  Configuration  4,  and  UG3RD 
Configuration  5.  Table  3.8  summarizes  the  deployment  assumptions 
for  the  overall  general  aviation  fleet.  In  general,  the  percent 
of  equipped  aircraft  increases  in  future  years  and  increases 
as  the  extent  of  FAA  service  increases.  Detailed  discussions 
of  the  assumed  avionics  deployment  for  Individual  UG3RD 
configurations  are  discussed  in  separate  sections  below. 
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TABLE 


Configuration  5 = 300  DABS/IPC  sites 


Avionics  Deployment  for  Configurations  2 and  2*  The  number  of 
DABS  avionics  units  an3  compatible  Mode  C altrmeters  were 
estimated  for  Configurations  2 and  3,  utilizing  data  given  in 
Tables  3.3  and  3.4.  It  was  assumed  that  there  would  be  no 
additional  incentive  to  users  to  equip  with  DABS  avionics 
beyond  that  already  projected  for  baseline  ATCRBS  equipment. 

DABS  avionics  acquisitions  by  aircraft  avionics  Classes  A and  B 
were  assumed  to  occur  during  the  5-year  period  from  1985  to 
1989,  while  users  in  Classes  C,  D,  and  E were  assumed  to  phase 
over  to  DABS  avionics  during  the  time  period  between  1985  and 
1994. 

Table  3.9  presents  the  results  of  these  assumptions  in  terms 
of  the  number  of  DABS  avionics  added  to  the  fleet  each  year  by 
aircraft  avionics  category.  Unit  costs  for  avionics  and  total 
acquisition  costs  are  discussed  in  Section  3.2.2. 

Avionics  Deployment  for  Configurations  4 and  The  deployment 
of  avionics  for  Configurations  4 and  5 was  considered  to  be 
significantly  different  from  those  cases  where  a DABS-only 
system  and  avionics  were  deployed.  Tables  3.10  and  3.11  present 
the  percent  of  users  equipped  with  DABS  transponder  and  Mode  C 
altimeters  for  Configuration  4.  Tables  3.12  and  3.13  present 
similar  information  for  Configuration  5. 

Classes  A and  B users  were  again  assumed  to  equip  completely 
with  DABS/IPC  avionics  during  the  1985  to  1989  interval  because 
these  classes  will  fly  into  the  terminals  where  the  greatest 
benefits  for  DABS  and  IPC  stand  to  be  gained.  Historically, 
these  user  classes  have  promptly  equipped  with  other  ATC-related 
equipment.  Aircraft  avionics  Classes  C,  D,  and  E were  assumed 
to  equip  to  their  steady-state  level  between  1985  and  1994. 
Tables  3.10  and  3.12  reflect  the  assumptions  made  in  this  study 
as  to  what  those  ultimate  implementation  states  will  be. 
Configuration  4 shows  an  additional  proclivity  to  beacon 
equipment  beyond  that  anticipated  in  the  baseline  case  because 
of  the  advantages,  from  a safety  point  of  view,  to  be  gained 
by  carrying  both  DABS  and  IPC  equipment.  Configuration  5 
projections  embody  a greater  expectation  because  there  would 
be  more  ground  sites  providing  important  safety-related 
services.  Comparable  assumptions  on  the  implementation  of 
Mode  C equipment  are  also  made.  Tables  3.11  and  3.12  reflect 
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DABS  AVIONICS  ACQUISITIONS 


an  expectation  of  continued  Mode  C implementation  into  the 
year  1985  and  then  an  increase  in  implementation  activity 
due  to  the  availability  of  DABS/IPC  services.  The  data 
contained  in  Tables  3.10  through  3.13  were  used  along  with 
DABS  and  IPC  unit  cost  information  to  estimate  DABS  and  IPC 
acquisition  costs  assximing  UG3RD  Configurations  4 or  5. 

Tables  3.14  and  3.15  present  estimates  of  the  number  of  DABS 
and  IPC  avionic  sets  added  to  the  fleet  by  aircraft  avionics 
category.  Unit  cost  for  avionics  and  total  acquisition  costs 
are  described  in  the  following  section. 
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DABS/IPC  AVIONICS  ACQUISITION 
ASSUMING  UG3RD  SYSTEM  CONFIGURATION 


TABLE  3.14  (Cont'd) 


DABS/IPC  AVIONICS  ACQUISITION 
ASSUMING  UG3RD  SYSTEM  CONFIGURATION 


DABS/IPC  AVIONICS  ACQUISITION 
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UNIT  FACILITY  AND  EQUIPMENT  COSTS  FOR 
DABS-ONLY  SITE  IMPLEMENTATION 


I 


Class  1 - DABS  Sensor  Only  at  Existing  Site 

Electronics  and  Installed 
Provisions  and  Spares 
Site  Preparation  Expenses 

TOTAL  - 

$350,000 

90,000 

110,000 

$550,000 

Class  2 - DABS  Sensor  Only  at  New 

Site 

Electronics  and  Installation 

$350,000 

Provisions  and  Spares 

90,000 

Site  Preparation  and  Building 

Expenses 

300,000 

TOTAL  - 

$740,000 

Class  3 - DABS  Sensor  Only  Modular 

Expansion 

Required  for  Major  Hubs 
Electronics  and  Installation 

$250,000 

Provisions  and  Spares 

70,000 

TOTAL  - 

$320,000 

50 


TABLE  3.17 


PROJECTED  PERCENT  OF  GENERAL  AVIATION 
FLEET  EQUIPMENT  IN  THE  YEAR  2000 
WITH  VARIOUS  TYPES  OF  DABS/IPC  EQUIPMENT 
UNDER  TWO  ALTERNATIVE  SCENARIOS 


Quality  Scenario 
Type  of  Equipment 

High 

Percent 

Airline 

Quality 

Preponderance 
of  Standard 
and  Medium 
Quality 

High  Quality  (Dual) 

20% 

4% 

High  Quality  Simplex 

-0- 

6% 

Medium  Quality 

25% 

25% 

Standard  Quality 

40% 

50% 

No  Equipment 

15% 

15% 

Total  Fleet 

100% 

100% 
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3.2.2 


System  Costs 


r 


DABS  costs  are  based  on  estimates  made  in  connection  with  a 
recent  DABS  acquisition  paper  [13].  These  estimates  are  under 
review  and  may  change  depending  on  the  results  of  the  present 
E&D  prograuti  and  future  implementation  decisions.  Unit  costs 
of  FAA  facilities  and  equipment  for  a DABS-only  site  are  pre- 
sented in  Table  3.16.  Three  classes  of  DABS  sensor  deployment 
are  anticipated.  In  addition  to  the  costs  shown  in  Table  3.16, 
operation  and  maintenance  costs  for  a DABS-only  site  have  been 
estimated  at  f;45,000  per  year. 

As  indicated  earlier,  two  different  assumptions  can  be  made 
regarding  the  quality  of  DABS-IPC  avionics  purchased  by  users. 
One  assumption  presumes  a significant  fraction  of  general 
aviation  aircraft  that  equip  with  DABS/IPC  avionics  will 
purchase  airline  quality  equipment.  Alternatively,  it  may  be 
assumed  that  most  general  aviation  aircraft  will  equip  with 
only  standard  or  possibly  medium  quality  equipment.  Table  3.17 
summarizes  the  assumed  quality  of  equipment  purchased  by  the 
general  aviation  fleet  under  each  scenario.  Each  of  these 
scenario  is  discussed  separately  below.  Further  details  are 
also  provided  below  on  the  unit  cost  of  equipment  and  the 
total  avionics  acquisition  costs  for  each  scenario. 

High  Proportion  of  Airline  Quality  Equipment  Scenario 

Under  this  scenario,  the  additional  airspace  congestion 
associated  with  expansion  of  the  general  aviation  fleet  from 
160,000  aircraft  in  1975  to  489,000  aircraft  in  2000  is  assumed 
to  result  in  a general  upgrading  of  avionics  requirements  and 
capabilities  as  described  in  Chapter  1 and  summarized  in 
Tables  2.3  and  2.4.  Much  of  this  upgrading  will  occur  in 
equipment  carried  by  larger  general  aviation  aircraft — turbine 
and  multi-engine  planes.  The  following  discussion  describes 
the  estimation  of  DABS/IPC  unit  costs  and  the  application  of 
these  costs  to  the  units  purchased  during  the  period  1975-2000, 
assuming  a requirement  for  a substantial  number  of  airline 
quality  DABS/IPC  units. 


Cost  associated  with  each  user's  DABS  and  IPC  equipment  were 
estimated  by  ARINC  Research  Corporation  [19] . Estimates  were 
prepared  assuming  that  the  avionics  packages  were  produced 
from  discrete  components  and,  alternatively  that  the  avionics 
were  produced  using  large  scale  integration  of  components  (LSI) . 
Both  of  these  cost  estimates  are  presented  in  Tables  3.18  and 
3.19  for  purposes  of  comparison,  but  only  the  LSI  unit  costs 
will  be  used  to  determine  total  user  avionics  expenditures  for 
the  various  UG3RD  configurations. 

Cost  categories  included  in  the  ARINC  analysis,  and  used  here, 
include  acquisition  costs,  installation  costs,  and  distribu- 
tion costs.  Acquisition  refers  to  the  actual  purchase  price 
of  the  particular  piece  of  equipment.  Distribution  costs  are 
those  anticipated  in  a competitive  market  and,  although  normally 
included  in  acquisition  costs,  they  are  shown  separately  here. 
Installation  costs  refer  to  the  anticipated  cost  of  installa- 
tion and  check-out  on  each  aircraft.  Annual  operations  and 
maintenance  costs  are  estimated  at  10  percent  of  the  initial 
purchase  price  and  start  the  year  after  acquisition. 

Commercial  users  are  expected  to  equip  with  a single  antenna 
and  dual  DABS  transponder,  and  IPC  equipment  as  appropriate  to 
the  configuration  under  study.  Table  3.20  presents  a detailed 
breakdown  of  commercial  aviation  IPC  display  equipment.  These 
costs  are  included  in  the  transponder  costs  shown  in  Tables  3.18 
and  3.19. 

The  military  is  expected  to  deploy  the  minimum  required  equip- 
ment consistent  with  the  level  of  performance  and  system  compati- 
bility they  hope  to  achieve.  Only  a single  equipment  configura- 
tion was  anticipated  for  military  aircraft  and  will  supplement 
already  installed  ATCRBS  equipment.  The  acquisition  costs  shown 
in  Tables  3.18  and  3.19  reflect  only  the  costs  of  the  modifica- 
tion package  and  single  display  and  control  unit  equipment. 

Dual  IPC  indicators  were  assumed  for  Configurations  4 and  5. 

The  costs  for  this  equipment  are  given  in  Table  3.21  and 
military  IPC  equipment  is  assumed  identical  to  general  aviation 
IPC  equipment.  The  total  military  avionics  package,  thus,  con- 
sists of  a single  DABS  modification,  a single  control  unit, 
dual  IPC  display  equipment  as  appropriate,  and  no  new  antenna. 

General  aviation  aircraft  avionics  are  classified  according 
to  the  expected  performance  of  the  aircraft.  High  perfor- 
mance general  aviation  (Class  C)  were  expected  to  install  a 
single  DABS  transponder,  a single  control  unit,  a new  antenna, 
and  as  appropriate,  IPC  display  equipment.  Low  performance 
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TABLE 


TABLE  3.20 


UNIT  IPC  DISPLAY  COSTS— COMMERCIAL  AVIATION 


Material 

Material  Handling  at  25% 

Labor  at  $11. 00/Hour 
Burden  at  135%  of  Labor 
Inspection  at  5%  Labor  & Burden 
Subtotal 

Engineering  & Quality  Control 
at  25% 

Factory  Cost 

General  & Administrative  at  20% 
Total  Direct  Cost 


Profit  at  15% 
Selling  Price 


Installation  (Difference) 


Unit  Cost 


Discrete 

Version 


$ 636 


LSI 

Version 


2,099 


1,066 


TABLE  3.21 


UNIT  IPC  DISPLAY  COSTS — GENERAL  AVIATION 


Cost  Stem 

Cost 

Material 

$ 260 

Labor  at  $2. 75/Hour 

42 

Direct  Cost 

302 

Mark-Up  for  Overhead  Burden 
and  Profit  at  67% 

203 

Factory  Selling  Price 

506 

Distributor  Mark-Up  at  100% 

506 

List  Price 

1,011 

4 

I 


general  aviation  aircraft  Classes  D and  E were  expected  to 
have  a similar  complement  of  equipment  without  the  control 
module.  Additionally,  for  low  performance  general  aviation 
aircraft,  the  costs  presented  in  Tables  3.18  and  3.19  do 
not  reflect  the  costs  for  additional  antennas.  A single, 
$100-per-aircraft  cost  was  used  in  this  study  as  a value 
for  new  installations  for  antenna  cost  and  installation. 
Additionally,  it  was  assumed  that  the  low  performance 
general  aviation  equipment  would  have  a built-in  IPC  display, 
thus,  the  general  aviation  IPC  display  costs  of  Table  3.21 
apply  only  to  the  high  performance  general  aviation  equipment. 

Tables  3.22  through  3.25  present  annual  cost  estimates  of 
actual  expenses  if  the  air  traffic  control  surveillance 
system  is  expanded  by  introduction  of  DABS  and  IPC.  A 
separate  set  of  estimates  is  provided  for  each  UG3RD  system 
configuration  which  includes  DABS  or  DABS  in  combination  with 
IPC.  The  estimates  were  calculated  from  the  implementation 
and  acquisition  data  given  in  Tables  3.7,  3.9,  3.14,  and  3.15 
and  from  unit  cost  contained  in  Tables  3.17  through  3.19. 

Costs  of  ATCRBS  improvements,  taken  from  Table  3.6,  are  also 
included  in  the  estimates  of  actual  expenses  anticipated  in 
conjunction  with  DABS  and  IPC  implementation. 
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total : $.9  ; $30.8 ! $79.3  ; $200.4  : $4,882.9 i $351.0  ; $169 


Predominant  Proportion  of  Standard  and  Medium  Quality  Equipment 

As  an  alternative  to  the  assumption  of  an  increasing  quality 
level  of  avionics  in  general  aviation  aircraft,  in  the  future 
it  can  be  assumed  that  the  majority  of  larger  general  aviation — 
turbine  and  multi-engine — aircraft  will  equip  with  only  medium 
quality  avionics.  This  quality  of  equipment  scenario  is  des- 
cribed by  Table  3.26.  Comparison  data  is  given  in  parenthesis 
for  the  'airline  quality'  scenario.  Unit  equipment  prices  for 
this  scenario,  also  derived  from  the  research  of  ARINC  Research 
Corporation  studies  [19],  are  given  in  Table  3.27.  Combining 
the  assumptions  on  deployment  (Tables  3.9,  3.14,  and  3.15), 
quality  of  equipment  purchases  (Table  3.27),  and  estimate  of 
total  DABS/IPC  a /ionics  costs  given  in  Table  3.28. 


QUALITY  OF  EQUIPMENT  ASSUMPTIONS — 
STANDARD /MEDIUM  QUALITY  PURCHASE  SCENARIO 
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Airline  Quality  Purchases  Scenario  Comparison 


TABLE  3.28 


ALTERNATIVE  ESTIMATES  OF 
TOTAL  DABS/IPC  AVIONICS  COSTS , T976-2 000 
ASSUMING  PREDOMINANCE  OF  STANDARD 

and  me5iIjm  quality  equipment 
rMillions  1975 


Type  of  Cost 
Configuration  No. 

Equipment 

Maintenance 

Total 

2 

3,896 

3,617 

7,513 

3 

3,896 

3,617 

7,513 

4 

4,344 

3,888 

8,232 

5 

4,434 

3,980 

8,414 

66 
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3 . 3 Additional  Costs  of  DABS  and  IPC  Implementation 

The  marginal  costs  of  implementing  DABS/IPC  are  the  difference 
between  the  total  cost  of  continuing  to  use  ATCRBS  and  the 
total  cost  of  implementing  DABS/IPC.  Estimates  of  marginal 
costs  of  DABS/IPC  implementation  are  contained  in  Table  3.29 
for  each  of  the  alternative  UG3RD  configurations  under  two 
sets  of  assumptions  regarding  the  quality  of  avionics  pur- 
chased. These  estimates  were  calculated  from  data  given  in 
Tables  Numbers  3.6,  3.22  through  3.25,  and  3.28. 


67 


4 . 0 


Upgraded  Air  Traffic  Control  Automation 


Two  major  challenges  confronting  the  present  ATC  system 
are  the  physical  capacity  of  controllers  to  handle  traffic 
and  the  need  for  increased  accuracy  in  the  metering  and 
spacing  2_/  of  aircraft  at  terminals  and  enroute  in  order  to 
increase  the  overall  capacity  of  the  system  to  handle  traffic 
without  increased  delay.  These  problems,  and  others,  are 
being  addressed  by  FAA  programs  to  increase  the  automation  of 
traffic  control  using  computer  technolog\'. 

Expanded  automation  has  been  proposed  for  both  the  terminal 
and  enroute  air  traffic  control  activities.  '^hese  programs 
generally  involve  significant  software  development  coupled 
with  some  augmentation  of  existing  hardware  by  the  FAA.  The 
advance  phases  of  automation  are  integrated  with  the  use  of 
a DABS  data  link  and  will  recuire  that  controlled  aircraft 
be  eauipped  with  a DABS  transponder  and  IPC  display  (see 
descriptions  of  these  programs  in  Chapter  3.) 

For  purposes  of  the  L'G3Rn  cost-benefit  study  dfi)  proposed 
automation  development  has  been  divided  into  (1)  development 
necessary  to  provide  flight  data  distribution  and  basic  air- 
craft metering  and  spacing  capability  to  the  controller  and 
(2)  development  of  advanced  metering  and  spacing  capability, 
conflict  resolution,  and  control  message  automation  (DABS  and 
IPC  integration)  . Accompanying  both  levels  of  term.inal  and 
enroute  automation  is  the  provision  of  centralized  traffic 
management  often  termed  "flow  control."  Information  on 
weather  conditions  and  traffic  demand  at  congested  facilities 
will  be  analyzed  by  computer  to  determine  alternate  routes 
and  facilitate  decisions  regarding  delayed  departures. 


r/  'Metering  refers  td~bTuf“pTacement  of  aircraft  on  an  airway 
” segment  or  runway  approach  path.  It  involves  determination 
of  both  the  total  number  and  senuence  of  aircraft. 


Spacing  refers  to  the  maintenance  of  minimum,  separation 
distances  between  aircraft. 
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Cost  estimates  were  developed  for  the  terminal,  enroute  and 
flow  control  elements  of  each  of  the  UG3RD  system  configura- 
tions. Following  sections  of  the  chapter  provide  a systems 
description  of  existing  air  traffic  control  automation, 
proposed  upgrading  of  the  automation,  implementation 
schedules,  and  cost  estimates  for  terminal,  enroute,  and  flow 
control  elements  of  the  UG3RD  automation  program, 

4 . 1 Upgraded  Terminal  Automation 

A basic  automation  system,  termed  the  Automated  Terminal 
Radar  System  (ARTS  III),  is  now  installed  in  sixty-two 
terminal  radar  control  centers  (TRACONs) , one  research  and 
development  center,  and  one  training  center.  It  consists 
of  an  alphanumeric  tracking  system  which  uses  a digital 
computer.  A display  subsystem  allows  broadband  radar  data 
to  be  displayed  simultaneously  with  alphanumeric  data. 

ARTS  III  reduces  the  controller's  visual  and  perceptive 
work  load  by  making  radar  targets  easier  to  identify.  Alti- 
tude information  is  also  presented  on  aircraft  which  have 
Mode  C transponder  equipment.  Based  on  surveillance  data, 
the  ARTS  III  system  generates  aircraft  tracks.  Although 
ARTS  III  does  not  automate  a significant  portion  of  the 
controller's  work  load,  it  does  provide  a computerized  base 
for  higher  levels  of  automation. 

The  ARTS  III  improvement  program  to  date  had  been  oriented 
primarily  to  reducing  controller  work  load  and  providing  a 
climate  for  future  increases  in  productivity. 

4.1.1  Proposed  UG3RD  Improvements 

The  terminal  portion  of  Upgraded  Air  Traffic  Control  Auto- 
mation focuses  on  improving  ARTS  III.  Table  4.1  indicates 
specific  improvements  incorporated  in  the  various  alternative 
configurations  evaluated  by  the  UG3RD  system  cost-benefit 
analysis.  In  addition.  Table  4,1  relates  these  improvements 
to  two  other  classification  schemes--one  used  by  Metis 
Corporation  in  a recent  study  of  ARTS  III  cost  and  benefits 
[20]  and  the  other  is  the  description  commonly  used  by  the 
Airway  Facilities  Service  (AAF) , FAA  [2].  Data  distribution 
and  basic  metering  and  spacing  improvements  assured  by 
UG3RD  Configuration  1 correspond  to  Phase  I and  part  of 
Phase  II  of  the  Metis  categories  and  Packages  1,  2,  and 
part  of  3 of  the  AAF  categories. 
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UG3RD  Configurations  2 through  5 (advanced  metering 
and  spacing,  conflict  resolution  and  control  message 
automation)  are  equivalent  to  Metis  Phase  II  or  AAF 
Packages  3 through  5. 

Functional  feature-^,  of  the  various  terminal  automation  improve- 
ments may  be  conveniently  discussed  using  the  category  detail 
suggested  by  the  Airway  Facilities  Service.  Package  1 consists 
of  Radar  Tracking,  Manual  Fail  Soft,  Continuous  Data  Recording, 
and  Multi-Processing  Executive.  Radar  Tracking  permits  track- 
ing of  non-beacon  equipped  aircraft,  and  correlates  radar  and 
beacon  returns  for  greater  tracking  reliability.  The  Multi- 
processing Executive  is  a software  development  which  allows 
several  input/output  processors  to  be  integrated  to  provide 
greater  computer  capacity.  Manual  Fail  Soft  is  an  equipment 
reconfiguration  around  a failed  subsystem  to  provide  continuous, 
but  probably  reduced  capacity  operation.  Continuous  Data 
Recording  allows  the  ATC  computer  data  to  be  continuously  and 
automatically  recorded  for  off-line  printing. 

Package  2 consists  of  a more  advanced  Fail  Soft  capability  and 
software  for  Minimum  Safe  Altitude  Warning. 

Package  3 consists  of  Flight  Data  Distribution,  Conflict 
Prediction,  Basic  Metering  and  Spacing,  and  Fail  Safe.  Flight 
Data  Distribution  or  Automated  Flight  Data  handling  gives  the 
ARTS  III  site  the  capability  to  receive  data  from  an  enroute 
center  and  automatically  distribute  this  data  in  the  TRACON , 
tower  cabs  and  satellites.  Conflict  Prediction  displays  when 
violations  of  minimum  separation  standards  are  projected  to 
occur.  Basic  Metering  and  Spacing  will  provide  suggested 
control  maneuvers  to  air  traffic  controllers  so  that  optimum 
separation  between  arriving  aircraft  on  a single  runway  can 
occur.  The  Fail  Safe  capability  means  that  the  ARTS  i'll  equip- 
ment will  automatically  reconfigure  and  isolate  failed  sub- 
systems and  therefore,  permit  continuous,  uninterrupted 
operation . 

Package  4 consists  of  Control  Message  Automation,  Refined 
Metering  and  Spacing,  Multisensor  All  Digital  Inputs,  and 
Associative  Processor  Development.  Control  Message  Automation 
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will  interface  the  ARTS  with  a data  link  for  transmitting 
control  messages  to  aircraft.  Refined  Metering  and  Spacing 
will  extend  the  basic  metering  and  spacing  capability  to 
departing  aircraft  and  multiple  runway  situations.  The 
Multisensor  and  Associative  Processor  Developments  will  up- 
grade some  of  the  ARTS  III  equipments. 

Package  5 consists  of  Advanced  Metering  and  Spacing  and 
Conflict  Resolution.  Advanced  Metering  and  Spacing  fully 
automates  the  systems  metering  and  spacing  capability  and 
integrates  the  MiS  capability  with  the  data  link.  Conflict 
.Resolution  assures  that  aircraft  separation  criteria  are 
always  satisfied;  generating  control  messages  to  assure 
separation  when  required. 

The  term.inal  automation  improvements  are  oriented  towards 
achieving  benefits  in  the  areas  of  runway  capacity  im.prove- 
ments , aircraft  and  passenger  delay  reductions,  fuel  savings, 
noise  reduction,  safety,  and  increased  FAA  controller  staff 
savings . 

The  capacity  improvements  will  occur  primarily  through  the 
use  of  metering  and  spacing.  The  present  ARTS  III  capability 
for  single  runway  inter-arrival  spacings  results  in  an 
18  second  (1  sigma)  accuracy.  The  use  of  basic  and  refined 
metering  and  spacing  is  expected  to  increase  this  accuracy  to 
11  seconds  (1  sigma);  and  advanced  metering  and  spacing  is 
expected  to  increase  threshold  arrival  accuracy  to  8 seconds 
(1  sigma).  The  impact  is  greater  airport  capacity,  reduced 
inflight  delays,  saved  fuel,  and  a potential  for  reducing 
noise  over  urban  areas. 

Conflict  Prediction  and  Resolution,  and  Fail  Soft-Fail 
Safe  System  Designs,  and  Minimum  Safe  Altitude  Warning 
Capability  are  expected  to  increase  the  safety  of  the 
terminal  control  system. 
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4.1.2  Implementation  Assumptions 

Separate  implementation  schedules  are  developed  for  the 
various  alternative  equipment  configurations  assumed  by 
the  UG3RD  system  cost-benefit  analysis.  Configuration  1 
assumed  that  basic  metering  and  spacing  would  be  installed 
and  operational  by  the  year  1985.  Configurations  2 through 
5 assumed  advanced  metering  and  spacing  system  capability 
would  be  operational  by  1990.  The  implementation  plans  de- 
scribed below  were  determined  considering  these  assumptions, 
suggested  implementation  time  schedules  from  the  ARTS  III 
costs  and  benefits  study  by  Metis  [20] , and  implementation 
time  schedules  suggested  by  Federal  Aviation  Administration's 
Airways  Facilities  Service  [2] . 

Package  1 improvements  are  now  being  installed  in  the  field 
and  are  expected  to  be  operational  in  late  1976  or  early 
1977.  F&E  expenditures  for  these  improvements  are  assumed 
to  occur  primarily  in  1976.  Package  2 improvements  are 
expected  to  take  place  primarily  in  1977  and  be  collaterally 
operational.  Package  3 improvements  are  expected  to  be 
implemented  between  1973  and  1981,  with  operation  realization 
by  1984.  Package  4 improvements  are  expected  to  require  F&E 
expenditures  between  1982  and  1985,  with  operational  capa- 
bility by  the  end  of  1986.  Package  5 improvements  were 
assumed  to  be  implemented  during  1986  and  1987,  and  be  fully 
operational  by  about  1989. 

For  purposes  of  the  UG3RD  system  cost-benefit  analysis, 
improvement  packages  were  assumed  to  be  implemented  only 
at  30  terminals  (see  Table  4.2).  Some  of  the  safety-related 
capabilities,  such  as  conflict  prediction  and  resolution 
and  minimum  safe-altitude  warning,  may  also  be  implemented 
at  additional  sites.  These  costs  are  not  contained  in 
estimates  developed  here. 

4 . ] . 3 System  Costs 


Estimated  costs  of  UG3RD  terminal  automation  are  presented 
in  Tables  4.3  and  4.4.  Estimating  procedures  and  sources 
are  described  below. 


TABLE  4 . 2 
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WVAS  AND 

TERMINAL  AUTOMATION 
SITES 


Chicago  O' Hare  (ORD) 

Atlanta  International  (ATL) 

Los  Angeles  (LAX) 

John  F,  Kennedy  International  (JFK) 
San  Francisco  (SFO) 

La  Guardia  (LGA) 

Miami  (MIA) 

Washington  National  (DCA) 

Boston  (BOS) 

Denver  (DEN) 

Pittsburg  Greater  (PIT) 

Detroit  Wayne  (DTW) 

Dallas  Love  Field  (DAL) 

St.  I.ouis  International  (STL) 
Philadelphia  (PHL) 

Newar)<  (EWR) 

Minneapolis  Wold  Chamber  (MSP) 
Cleveland  Hopkins  International  (CLE) 
Dallas  Fort  Worth  2 (DFW) 

Houston  International  (lAH) 

Honolulu  (HNL) 

Memphis  (MEM) 

Seattle  Tacoma  International  (SEA) 
Kansas  City  International  (MCI) 

New  Orleans  ^'oisant  (MSY) 

Tampa  (TPA) 

Las  Vegas  (LAS) 

Indianapolis  (IND) 

Phoenix  (PHX) 

Covington  Gr.  Cinn  (CVG) 


TABLE  4 . 3 


TERMINAL  AUTOMATION  COSTS 
UG3RD  SYSTEM  CONFIGURATION  1 
^MILLIONS  1975  DOLLARS) 


Year 

E&D 

F&E 

Maint . 

Yearly 

Total 

1976 

$8.7 

$29.3 

$38.0 

1977 

2 . 2 

2.2 

.6 

5.0 

1978 

9.4 

10.0 

. 7 

20.1 

1979 

7.7 

10.0 

.9 

18.6 

1980 

6.7 

10.0 

1.1 

17.8 

1981 

9.9 

1.3 

11. 2 

1982 

1.5 

1.5 

1983 

1.5 

1.5 

1984 

1.5 

1.5 

1985 

1.5 

1.5 

1986 

1.5 

1.5 

1987 

1.5 

1.5 

1988 

1.5 

1.5 

1989 

1.5 

1.5 

1990 

1.5 

1.5 

1991 

1.5 

1.5 

1992 

1.5 

1.5 

1993 

1.5 

1.5 

1994 

1.5 

1.5 

1995 

1.5 

1.5 

1996 

1.5 

1.5 

1997 

1.5 

1.5 

1998 

1.5 

1.5 

2000 

1.5 

1.5 

TOTAL 

$■^4. 7 

$71.4 

$33.7 

$139.8 

76 


table  4.4 


TERMINAL  AUTOMATION  COSTS 
UG3RD' SYSTEM  CONFIGURATION  ?“THRU  5 
TmTLLTONS~T975  DOLLARSy 


Year 

E&D 

F&E 

Maint . 

Yearly 

Total 

1976 

$8. 

7 

$29. 

, 3 

$38, 

0 

1977 

2. 

2 

2. 

,2 

$. 

.6 

5. 

,0 

1978 

9. 

4 

10, 

,0 

. 7 

20. 

,0 

1979 

7. 

7 

10, 

,0 

.9 

18. 

, 6 

1980 

6, 

7 

10, 

.0 

1. 

. 1 

17. 

,8 

1981 

9, 

.9 

1, 

,3 

11, 

.2 

1982 

4. 

.9 

1. 

,5 

6, 

,4 

1983 

4, 

,9 

1, 

.6 

6, 

, 5 

1984 

4. 

,9 

1, 

. 7 

6, 

.6 

1985 

4. 

.8 

1, 

.9 

6, 

. 7 

1986 

12, 

.8 

2, 

.0 

14. 

. 7 

1987 

12. 

.7 

2, 

.2 

14, 

,9 

1988 

2, 

,5 

2, 

,5 

1989 

2. 

,5 

2. 

,5 

1990 

2. 

,5 

2. 

5 

1991 

2. 

,5 

2. 

5 

1992 

2, 

.5 

2. 

5 

1993 

2. 

,5 

2. 

5 

1994 

2. 

, 5 

2. 

5 

1995 

2, 

,5 

2. 

5 

1996 

2, 

.5 

2. 

5 

1997 

2. 

_5 

2, 

,5 

1998 

2, 

,5 

2. 

,5 

1999 

2. 

.5 

2. 

,5 

2000 

2. 

.5 

2, 

, 5 

TOTAL 

S34. 

, 7 

$116. 

.4 

$48, 

.0 

$199. 

.2 
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4. 1.3.1  F.nqineerinq  and  Development  Costs 


The  enqineerinq  and  development  of  terminal  automation  costs 
were  obtained  from  a recent  cost-benefit  analysis  of  ARTS  III 
improvements  conducted  by  .Metis  Corp  [20].  The  costs  are 
lower  than  those  presented  in  the  1975  FAA  ten  year  plan, 
however,  the  ten-year  plan  statistics  probably  include 
E&D  activities  not  appropriately  allocatable  to  the  UG3RD. 

4 . 1 . 3 . 2 Facilities  and  Equipment 

Facilities  and  equipment  costs  for  terminal  automation 
are  also  based  on  the  research  conducted  by  .Metis  Corp  [20] 
on  ARTS  III  enhancement  costs  and  benefits.  The  implemen- 
tation schedule  used  by  Metis,  however,  was  not  incorporated 
into  present  research  because  it  conflicted  with  overall 
assumptions  of  the  UG3RD  system  cost-benefit  analysis. 

Thus,  F&G  costs  are  scheduled  in  a sliqhtly  different 
fashion  from  those  used  by  Metis. 

Cost  estimates  by  packaqe  were  also  received  from  Airways 
Facilities  [ 2 ] • These  cost  estimates  were  somewhat  lower 
than  those  used  by  Metis: 

Packaqe  1 - $22  million 
Packaqe  2 - $ 9 million 
Packaqe  3 - $20  million 
Packaqe  4 - $10  million 
Packaqe  5 - $13  million 

Packaqe  1 and  2 costs  of  $31  million  correlated  very  well 
with  the  Phase  I costs  presented  by  Metis.  Packaqes  3 
throuqh  5,  hov/ever,  totaled  only  $43  million,  well  under 
the  $84.9  million  estimate  for  Phase  II  presented  by  Metis. 

In  order  to  be  conservative  and  consistent,  with  previous 
FAA  cost-benefit  documents  [20],  the  hiqher  costs  were  adopted. 
Differences  between  the  Metis  costs  and  the  Airways  Facilities 
costs  may  be  attributable  to  the  differences  in  allocations 
between  enqineerinq  and  development  and  facility  and  equipment 
costs  of  various  FAA  proqrams. 

4 . 1 . 3 . 3 Operations  and  Maintenance  Costs 

Enhancement  O&M  costs  developed  by  Metis  were  adopted  for 
the  UG3RD  system  cost-benefit  analysis.  An  annual,  steady- 
state  cost  of  $2.5  million  per  year  was  estimated  as  the 
maintenance  cost  of  UG3RD  terminal  automation.  O&M  costs 
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in  intervening  years  between  1976  and  the  steady-state 
level  were  assumed  proportional  to  the  fraction  of  the  total 
amount  of  F&E  dollars  that  had  been  spent.  tio  equipment 
replacement  allowance  is  assumed  in  the  maintenance  estimate. 

Baseline  system  operation  and  maintenance  costs  are  not 
included  in  Tables  4.3  and  4.4.  Operations  costs  refer 
to  the  additional  or  reduced  number  of  air  traffic  controllers 
required  in  the  upgraded  system.  This  item  is  treated  in  a 
separate  study  on  controller  productivity  [10].  Maintenance 
costs  on  what  can  be  called  the  baseline  system  appeared 
in  recent  Congressional  testimony  by  Federal  Aviation 
Administration  officials  [16] . This  data  showed  that  present 
computer  m.aintenance  costs  were  .99.061  million  per  year  and 
software  maintenance  costs  were  $.635  million  per  year. 

These  costs  could  be  added  to  those  Tables  4.2  and  4.3 
to  obtain  a total  annual  maintenance  cost  figure.  Costs 
in  the  tables  presently  reflect  only  additional  costs  of 
potential  automation  improvements. 

Neither  the  baseline  O&M  costs,  nor  the  enhancement  O&M 
costs  include  an  equipment  replacement  allowance.  Typically, 
this  allowance  would  be  about  15  precent  of  hardware  F&E 
costs.  During  the  course  of  this  investigation,  estimates 
were  not  made  of  replacement  cost.  A mainframe  buy  of 
computer  hardware  will  probably  be  required  at  some  future 
time  before  the  year  2000.  This  purchase  was  assumed  to 
be  outside  the  scope  of  Upgraded  Third  Generation  System 
improvements . 


4 . 2 Upgraded  Enroute  Automation 

One  of  the  major  components  of  the  Third  Generation  ATC 
system  is  the  computer  based  semi-automated  enrojte  air 
traffic  control  system  termed  NAS  Stage  A.  This  system 
is  comprised  of  two  major  subsystems--hardware  and  soft- 
ware. The  hardware  subsystem  utilizes  IBM  9020A  and 
9020D  computers.  The  software  system,  referred  to  as 
the  model  A3d2  software  system,  has  several  functional 
capabilities  including:  on-line  entry  of  proposed  flight 
plans,  automatic  data  exchange  between  ATC  facilities, 
automatic  error  and  legality  checking,  automatic  flight 
plan  preparation/revision,  initiation  of  automatic 
processing  on  departing  flights,  automatic  flight  plan 
updating  and  data  forwarding  and  display,  automatic 
tracking,  radar  inputs  processing,  and  automatic  track 
and  track  control  updating,  and  data  forwarding  and  display. 

4.2.1  Proposed  UG3RD  Improvements 

Technical  improvements  to  NAS  Stage  A,  software  model  A3d2 , 
are  discussed  in  this  section.  These  improvements  along 
with  estimated  operational  dates  have  been  defined  in 
recent  engineering  and  development  plans  [14]  and  are 
given  in  Table  4.5. 

Enroute  improvements  may  be  divided  into  two  major  activity 
phases  with  Phase  I being  further  subdivided  into  two  parts. 
Phase  I consists  of  system  improvements  that  may  be  made 
without  the  addition  of  major  new  hardware  subsystems. 

Phase  I enhancements  are  presently  close  to  implementation 
in  the  field  and  engineering  and  development  activities 
are  advanced  or  nearly  complete  on  these  improvements. 

Phase  la  improvements  likewise,  require  no  major  new  sub- 
systems, however,  further  engineering  and  development  work 
needs  to  be  concluded  before  their  implementation.  Phase  II 
enhancements  will  require  new  hardware  as  well  as  long  lead 
time  engineering  and  development  activities.  Table  4.5 
summarizes  the  enhancements  by  both  UG3RD  configuration  and 
activity  phase,  and  estimates  the  dates  at  which  engineering 
and  development  activities  and  operational  implementation 
will  be  completed.  Individual  features  are  discussed  below. 
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TABLE  4^5 

ENROliTE  At'TOMAT'lON  IMPROVEMEET:'- 
INCORPORATEO  IN  UG3RD  SYSTEM  CONFir.ljRATIOfJS 


nr.  3RD 

Ei.D 

System 

Activity 

C'  .mpletion 

Operationa 

r. nf 1 qurat ion 

Phase 

Improvements 

Date 

Date 

I 

Computer  Capacity 

Recovery 

r.>nf'  1 qurat  ion 

- Memory  augmentation 

197A 

1980 

1 

Conflict  Alert 
Miminum  Safe  Altitude 

1 97f) 

1980 

Warn i nq 

1976 

1978 

Fail  Soft 

Meterological  and  Aeronau- 

1976 

1980 

tical  Presentation 
Subsystem  (MAPS) 

1976 

1980 

Radar  Situation  Recording 

1976 

1980 

la 

Area  Navigation  Interface 

19R0 

1983 

FI iqht  Plan  Probe 

1980 

1983 

Computer  Capacity  Recovery 

1980 

1983 

- CCC  Processing  Augmen- 

tation 

- Program  Redesign 
Conflict  Resolution 

1980 

1983 

Local  En  Route  Flow  Control 

1980 

1983 

En  Route  Metering 

Control  Sector  Redesign  and 

1980 

1983 

Electronic  Tabular  Display 
Subsystems  (TABS) 

1980 

1983 

If.3a 

All 

1980 

1983 

Conf iquration 

1 1 

Control  Message  Automation 

1983 

1988 

2 through  5 

DABS  Interface 

1983 

1988 

IPC  Interface 

Computer  Capacity  Recovery 

1983 

1988 

(Advanced ) 

1983 

1988 

Computer  capacity  recovery  consists  of  two  major  subprograms 
and  represents  an  enhancement  which  is  pursued  in  all  activity 
phases.  The  two  parts  are  program  redesign  and  hardware 
augmentation.  Hardware  augmentation  is  meant  to  expand  the 
memory  size  or  core  storage  size  of  the  9020  computers, 
augment  processing  capability,  and  apply  advanced  state-of- 
the-art  recovery  capability  techniques.  Program  design 
is  concerned  with  determination  of  feasible  methods  of 
recovering  computer  capacity  through  software  efficiency. 

The  conflict  alert  function  aids  the  radar  controller  in 
predicting  situations  where  loss  of  radar  separation  at 
minimum  standard  are  about  to  occur.  Using  information 
presently  available  in  the  9020  computer  from  the  automatic 
tracking  function  and  the  flight  plan  data  base,  the  conflict 
alert  function  provides  the  radar  controller  with  a flashing 
alert  on  his  display  of  potentially  dangerous  situations 
concerning  separation  standards.  The  alert  is  generated  a 
short  time  before  the  separation  minimums  might  actually  be 
violated. 

Miminum  safe  altitude  warning  (MSAW)  capabilities  will  be 
added  in  the  near  future  to  the  enroute  system.  MSAW 
capability  is  similar  to  that  presently  being  implemented 
in  the  terminal  control  systems.  It  alerts  the  controller 
to  situations  where  aircraft  have  come  within  a pre-specif ied 
altitude  from  the  ground. 

Protection  against  operational  failure  of  the  current  automated 
system  is  provided  by  the  capability  to  dynamically  reconfigure 
the  system  using  redundant  equipment  elements.  This  capability 
is  referred  to  as  "fail-safe."  If  additional  failures  occur 
beyond  the  initial  level  which  created  a fail-safe  situation, 
a fail-soft  mode  is  entered.  Fail-soft  provides  planned  modes 
of  system  operation  which,  in  case  of  partial  computer  failure, 
result  in  reduced  automation  capabilities  in  some  functional 
areas,  but  still  provide  capability  to  perform  the  prime 
operational  mission. 

The  MAPS  subsystem  receives  and  integrates  weather  data  and 
aeronautical  information  from  local  and  national  sources 
and  distributes  the  necessary  information  to  the  enroute 
sector  control  positions. 
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The  objective  of  radar  situation  recording  is  to  provide 
improved  ability  to  record  and  recreate  events  that  have 
occurred  in  the  enroute  system.  The  ability  to  recreate 
such  situations  may  be  utilized  for  situation  analysis, 
for  operational  analysis,  and  for  determination  of  system 
performance.  The  recording  capability  would  include  not 
only  voice  commiunications  but  also  display  data. 

The  area  navigations  system,  is  presently  being  expanded. 

■'.ost  of  this  capability  is  in  e.nroute  airspace.  Automation 
enhancements  are  necessary  to  accommodate  the  .new  area  navi- 
gation routes  and  operating  procedures. 

The  objectives  of  the  flight  plan  probe  capability  are  to 
reduce  the  number  of  potential  conflicts  which  have  to  be 
resolved  by  the  radar  controller,  and  to  reduce  the  v/ork 
load  involved  in  coordinating,  formulating  and  issuing  IFR 
clearances  and  restrictions.  The  flight  plan  orobe  provides 
computer  assistance  in  planning  conflict-free  flight  plans 
for  controlled  aircraft.  Flight  plans  are  checked  with  one 
another  to  assure  that  no  potential  conflicts  may  arise.  If 
the  probe  indicates  a potential  conflict  situation,  the 
computer  will  check  alternatives  to  decrease  the  number  of 
pote.ntial  conflicts,  and  present  this  information  to  air 
traffic  controllers. 

Conflict  resolution  will  aid  the  controller  in  resolving 
potential  conflicts  when  loss  of  radar  separation  minim.a 
is  about  to  occur.  Using  information  from  the  conflict 
alert  function  that  a violation  may  occur,  the  system,  will 
m.ake  use  of  flight  plan  data  and  tracking  information  to 
suggest  potential  resolutions  to  the  controller  which  would 
not  create  additional  conflicts.  Resolution  aids  are  likely 
to  be  in  the  form  of  heading  or  altitude  changes  or  holding 
actions.  The  controller  will  make  t.he  final  operational 
resolution . 

T.he  objective  of  local  flow  control  is  to  monitor  and 
exercise  flow  control  over  air  traffic  within  a center 
so  as  to  provide  increased  efficiency  of  ATC  operations. 
Computer  generated  aids  will  help  controllers  at  the  local 
level  resolve  situations  caused  by  severe  weather  conditions 
or  u.nusual  activity  for  dem.and.  A predictive  capability  will 
be  included.  Interface  with  the  national  flow  control  system, 
occurs  at  this  level. 


Enroute  metering  is  defined  as  the  process  which  dynamically 
regulates  air  traffic  in  sectors  where  aircraft  are  transi- 
tioning from  enroute  to  terminal  control  in  response  to 
changes  in  terminal  capacities  at  medium  or  high  density 
terminals.  The  goal  of  enroute  metering  is  to  improve  the 
utilization  of  available  terminal  capacities.  Enroute 
metering  capabilities  would  eventually  interface  with  the 
terminal  area  metering  and  spacing  systems.  The  goal  is 
to  meter  the  rate  of  arriving  aircraft  to  correspond  with 
the  airport  acceptance  rate. 

Control  sector  redesign  efforts  seek  to  achieve  an  integrated 
efficient  control  sector  design  for  the  input,  display,  and 
selection  of  flight-related  control  data,  and  for  the  display 
and  selection  of  non-flight-related  information  to  improve 
data  handling  efficiency  to  permit  a reduction  in  sector 
staffing  requirements  thereby  increasing  controller  productivity. 
This  function  will  include  the  use  of  tabular  displays  and 
quick  entry  devices  to  eliminate  the  need  for  using  flight 
progress  strips  in  enroute  control  operations.  The  new 
capability  should  improve  the  efficiency  of  the  sector  staff. 

The  Phase  II  activities  are  closely  related  and  include  control 
message  automation,  and  interface  with  the  DABS  and  IPC  systems. 
Control  message  automation  will  provide  the  capability  to 
automatically  select,  process,  route  and  format  several  class 
of  messages  for  two  way  communications  with  aircraft  via  a data 
link.  The  data  link  capability  will  be  required  to  assure 
continuity  and  manual  and  automatic  ground-based  collision 
avoidance  commands  to  aircraft.  IPC  commands  will  be  given  on 
the  same  data  link  as  ATC  messages.  This  feature  may  reduce 
control  costs  by  increasing  controller  prodnctiv'ity . 

4.2.2  Implementation  Assumptions 

Technically  feasible  implementation  schedules  of  enroute 
automation  improvements  are  difficult  to  estimate  at  this 
stage  of  the  engineering  and  development  program.  Near 
term  improvement  availability  is  reasonably  certain,  however, 
enhancements  likely  to  enter  the  field  beyond  1980  are 
difficult  to  estimate,  both  from  an  implementation  and  a 
cost  point  of  view.  The  implementation  schedule  adopted 
for  this  study  is  contained  in  Table  4.5  and  correlates 
with  the  terminal  automation  program.  Similar  improvements 
become  operational  at  terminals  and  enroute  at  roughly  the 
same  time. 
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Phase  I ongineorinq  and  development  acti'.'ities  are  assumed 
to  occur  between  197h  and  1978;  Phase  I F><E  expenditures, 
between  1976  and  1979  with  a resulting  operational  capability 
in  all  twenty  NAS  Stage  A sites  by  1980.  Phase  la  enaineering 
and  lievelopment  activities  span  the  1979  to  1982  time  period. 
Phase  la  implementation  activities  were  assumed  to  span  the 
1980  to  1982  time  period.  Phase  II  engineering  and  develop- 
ment activities  and  implementation  activities  were  assumed  to 
take  place  during  1983,  1984  and  1985.  Phase  la  operational 

capability  is  anticipated  in  1983  at  all  sites.  Phase  II 
enhancement  capabilities  were  assumed  to  become  operational 
at  all  sites  by  1988. 

4.2.3  System  Costs 

This  section  presents  cost  estimates  for  LT.3RD  improvements 
I NAS  Stage  A.  In  general,  existing  FAA  data  were  used  to 
orepare  these  estimates.  Main  sources  of  information  were 
the  recent  ten  year  plan  [24]  and  overview  document  for  the 
Cpgraded  Third  Generation  System  [26].  Estimating  costs  for 
t.ho  enroute  enhancements  is  difficult  because  engineering 
and  development  activities  have  just  started  and  solid  esti- 
mates of  future  implementation  costs  have  not  yet  been  produced. 
Costs  presented  in  this  report  are  therefore  likely  to  change 
as  plans  and  functional  capabilities  become  more  firmly 
establ ished. 

4.2.  3.1  Eng i neering  and  Development  Costs 

Engineering  and  development  costs  for  enroute  automation 
improvements  were  taken  from  the  FAA's  ten  year  plan  [24]- 
Based  on  the  implementation  schedule  presented  in  Table  4.5, 
costs  are  divided  between  the  activity  phases  as  follows: 

Phase  I $31. 1 million 

Phase  la  $44.0  million 

Phase  II  $33.0  million 

Cost  breakdowns  by  year  are  shown  on  Tables  4.6  and  4.7. 

E&D  expenditures  for  configurations  1 through  3 were  assumed 
to  stop  in  1982  because  Phase  II  E&  E would  not  be  pur  ;ued 
beyond  that  point. 
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TABLE  4 . 6 
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ENROUTE  AUTOMATION  COSTS 
UR3RD  SYSTEM  CONFIGURATION  1 
(Millions  1975  Dollars) 


Year 

E&D 

F&E 

Maint . 

Yearly 

Total 

1976 

$ 9.4 

$ .8 

$10.2 

1977 

10.7 

10.0 

$ .1 

20.8 

1978 

11.0 

10.0 

2.1 

23.1 

1979 

11.0 

18.0 

3.1 

32.2 

1980 

11.0 

20.0 

6.2 

37.2 

1981 

11.0 

30.0 

9.1 

50.1 

1982 

11.0 

30.0 

13.5 

54.5 

1983 

17.3 

17.3 

1984 

15.0 

15.0 

1985 

13.1 

13.2 

1986 

11.7 

11.6 

1987 

10.9 

10.9 

1988 

10.9 

10.9 

1989 

10.9 

10.9 

1990 

10.9 

10.9 

1991 

10.9 

10.9 

1992 

10.9 

10.9 

1993 

10.9 

10.9 

1994 

10.9 

10.9 

1995 

10.9 

10.9 

1996 

10.9 

10.9 

1997 

10.9 

10.9 

1998 

10.9 

10.9 

1999 

10.9 

10.9 

2000 

10.9 

10.9 

TOTALS 

$75.1 

$118.8 

$245.0 

$438.9 
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TABLE  4 . 7 
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ENROUTE  AUTOMATION  COSTS 
U03RD  SYSTEM  CONFIGURATIONS  2 THROUGH  5 
(Millions  1975  Dollars) 


Yoar 

E&D 

F&E 

Maint . 

Yearly 

Total 

1 ^76 

$ 9.4 

$ .8 

$10.2 

1977 

10.7 

10.0 

$ . 1 

20.8 

1^78 

11.0 

10.0 

2.2 

23.1 

1979 

11.0 

18.0 

3.2 

32.2 

1980 

11.0 

20.0 

6 . 2 

37.2 

1981 

11.0 

30.0 

9.1 

50.1 

1982 

11.0 

30.0 

13.6 

54 . 6 

1983 

11.0 

30.0 

17.  3 

58.3 

1984 

11.0 

30.0 

20. 3 

61.3 

1985 

11.0 

30.0 

23.1 

64  . 1 

1986 

25.7 

25.7 

1987 

23.3 

23.3 

1988 

21.6 

21.6 

1989 

20.5 

20.5 

1990 

19.9 

19 . 9 

1991 

19.9 

19.9 

1992 

19 . 9 

19.9 

1993 

19.9 

19.9 

1994 

19.9 

19.9 

1995 

19 . 9 

19,9 

1996 

19.9 

19.9 

1997 

19,9 

19.9 

1998 

19,9 

19.9 

1 999 

19.9 

19.9 

2000 

19,9 

19.9 

TOTALS 

$108.1 

$208.8 

$404 . 9 

$721.8 
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4. 2. 3. 2 Faci 1 i ties  and  Equipment  Costs 

Facilities  and  equipment  costs  for  the  enroute  automation 
improvements  were  also  taken  from  the  FAA's  ten  year  plan 
[24].  These  costs  were  also  scheduled  per  the  implementation 
schedule  presented  in  Table  4.5  as  follows: 

Phase  I $38.8  million 

Phase  la  $80.0  million 

Phase  II  $90.0  million 

Due  to  the  methodology  for  determining  maintenance  costs,  it 
was  also  necessary  to  separately  estimate  the  portions  of 
F&E  costs  attributable  to  hardware  and  software.  In  Phase  I, 
hardware  costs  were  associated  with  memory  augmentation  and 
radar  situation  recording.  Memory  augmentation  costs  of 
$620,000  per  site  were  estimated  as  the  cost  for  a single 
9020D  storage  unit.  This  cost  is  based  on  1971  data  on 
computer  estimates  for  Air  Traffic  Service  [3].  The  1971 
price  was  inflated  to  1975  dollars  based  on  the  cumulative 
change  in  the  consumer  price  index  over  the  period  1971 
through  1975.  For  20  NAS  Stage  A sites,  total  memory  augmenta- 
tion cost  is  estimated  at  $12.4  million.  Radar  situation 
recording  costs  were  estimated  from  the  same  source  at 
$430,000  per  site,  or  $8.6  million  for  20  NAS  Stage  A sites. 
Total  Phase  I hardware  costs  are  thus  $21.0  million,  and  this 
cost  was  assumed  uniformly  distributed  over  years  1977,  1978, 
and  1979. 

Phase  la  hardware  costs  were  assumed  to  include  the  addition 
of  a CCC  processor  at  each  site  at  an  estimated  cost  of 
$375,000  per  site,  or  $7.5  million;  and  TABS  displays  at  each 
site  at  an  estimated  cost  of  $42,000  per  display.  Twenty-seven 
displays  per  site  or  a total  of  540  displays  were  assumed. 

TABS  display  costs  are  thus  $22.5  million.  Total  Phase  la 
hardware  costs  are  estimated  to  be  $30.0  million  uniformly 
distributed  across  the  four  years  of  Phase  la  F&E  expenditure 
period.  Phase  II  hardware  costs  were  assumed  to  be  one-half 
the  total  F&E  expenditure  for  Phase  II,  or  $45.0  million, 
unifr'jrmly  distributed  between  1983,  1984  , and  1985.  Software 
costs  were  estimated  as  the  residual  difference  between  hard- 
ware costs  and  total  R&E  costs  for  each  year. 
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4. 2. 3. 3 Maintenance  Costs 


Maintenance  costs  are  limited  to  maintenance  personnel  and 
exclude  operating  personnel.  Annual  hardware  maintenance 
costs  are  estimated  to  be  15  percent  of  the  cumulative  facility 
and  equipment  expenditures  for  the  preceding  year.  The 
15  percent  statistic  was  recently  adopted  for  the  Advanced 
Air  Traffic  ?ianagement  System  Study  [34]  and  by  Rand  [28]  and 
Mitre  Corporation  [34]  in  various  costing  exercises. 

The  Rand  Corporation  has  estimated  software  maintenance  costs 
as  a decreasing  percentage  of  F&E  expenditures  over  a five- 
year  period  [28]  . For  the  first  five-year  period  after 
software  implementation,  annual  O&M  costs  for  that  software 
declines  linearly  from  20  percent  of  F&F  to  5 percent  of  F&E. 

A 5 percent  level  is  assumed  thereafter.  Tables  4.6  and  4.7 
summ.arize  the  maintenance  costs  derived  according  to  this 
methodology 

4 . 3 Central  Flow  Control 

Major  flows  of  air  traffic  are  regulated  at  the  national 
level  from  the  ATC  System  Command  Center  in  Washington,  D.C. 
Central  flow  control  operations  in  the  center  continuously 
compare  projected  traffic  against  the  v/eather,  airport,  and 
navigation/control  system  status.  Problems  such  as  weather 
to  be  avoided  or  system  overloads  to  bo  reduced  are  flagged 
and  solutions  developed  in  coordination  w’ith  the  affected 
enroute  and  terminal  ATC  facilities.  Motices  or  advisories, 
clearance  restrictions,  or  other  similar  instructions  are 
disseminated  to  the  appropriate  facilities  and  other  points 
of  contact  with  the  users. 

At  the  present  time,  the  Airport  Information  Retrieval 
System  (AIRS  I)  provides  data  processing  support  for  central 
flow  control  via  time-share  computer  terminals.  The  first 
operational  implementation  of  thin  system  was  in  January  1972 
and  was  limited  to  data  retrieval. 
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4.3.1  Proposed  UG3RD  Improvements 


The  next  major  improvement  in  flow  control  automation  will  be 
the  implementation  of  flov/  control  on  a dedicated  computer 
(9020A)  at  the  Jacksonville  ARTCC.  The  development  program 
includes  computer  programs,  displays,  data  entry  devices  and 
communication  interfaces  required  to  support  central  flov; 
control  operations.  The  primary  attributes  of  the  advanced 
system  are: 

1.  More  accurate  demand  prediction  due  to  real 
time  entries  from  NASFLO  including  departure 
reports,  route  modifications,  departure  time 
updates  and  speed  modifications. 

2.  More  efficient  stacking  and  sequencing  of  air- 
craft due  to  improved  traffic  load  predictions 
by  selected  fixed  associated  with  the  ten 
pacing  airports. 

4.3.2  Implementation  Assumptions 

The  National  Aviation  System  Plan,  1976  - 1985,  calls  for 
the  implementation  of  the  advanced  Flow  Control  System  on 
the  dedicated  9020A  computer  to  be  initiated  in  FY  1976  with 
improvements  continuing  through  FY  1985.  The  program  will 
include  modifications  to  the  9020A,  additional  peripheral 
equipment,  communication  interfaces,  etc.  The  software 
development  program  will  also  be  initiated  in  FY  1976. 


4.3.3  System  Costs 


The  National 
costs : 

Aviation  System  Plan 

[24] 

provides 

the  following 

76_ 

77  78  79 

8£ 

81-85 

TOTAL 

F&E  $7.6M 

$7. 6M 

E&D  $1.7M 

2 . 3M  2 . 3M  1 . OM 

l.OM 

5 . OM 

$13. 3M 

These  costs 

were  adopted  and  are 

incorporated  in 

Table  4.9. 

It  was  also  assumed  that  the  1981  to  1985  engineering  and 
development  costs  were  uniformly  expended  at  a rate  of 
$1.0  million  per  year.  It  was  further  assumed  that  all 
engineering  and  development  costs  were  associated  with  develop- 
ment and  implementation  of  software  for  the  flow  control  system. 
Facilities  and  equipment  costs  occur  only  in  1976,  these  are 
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for  the  purchase,  set-up,  and  check-out  of  the  flow 
control  system  computer.  Annual  maintenance  costs 
were  estimated  assuming  that  hardware  maintenance 
expense  will  be  15  percent  of  the  initial  F&E.  In 
addition,  software  maintenance  will  be  a decreasing 
percentage  of  the  software  development  cost.  Software 
maintenance  costs  were  assumed  to  decline  from  20  per- 
cent of  F&E  in  the  first  year  after  expenditure  to 
5 percent  after  5 years  and  remain  constant  thereafter. 

Table  4.8  presents  the  cost  summary  for  the  flow  control 
system.  Total  engineering  and  development  costs  are 
$13.3  million;  total  facilities  and  equipment  costs  are 
$7.6  million;  total  maintenance  cost  between  1973  and  the 
year  2000  is  $46  million;  for  a total  of  $66.9  million. 


Year 

E&D 

F&E 

Maint . 

Total 

1976 

$1.  7 

$7.6 

$9.3 

1977 

2.3 

$1.5 

3.8 

1978 

2.3 

1.9 

4.2 

1979 

1.0 

2.2 

3.2 

1980 

1.0 

2.1 

3.2 

1981 

1.0 

1.9 

2.9 

1982 

1.0 

2.0 

3.0 

1983 

1.0 

2.0 

3.0 

1984 

1.0 

2.1 

3.1 

1985 

1.0 

2.1 

3.1 

1986 

2.2 

2.2 

1987 

2.0 

2.0 

1988 

1.9 

1.9 

1989 

1.8 

1.9 

1990 

1.8 

1.8 

1991 

1.8 

1.8 

1992 

1.8 

1.8 

1993 

1.8 

1.8 

1994 

1.8 

1.8 

1995 

1.8 

1.8 

1996 

1.8 

1.8 

1997 

1.8 

1.8 

1998 

1.8 

1.8 

1999 

1.8 

1.8 

2000 

1.8 

1.8 

TOTALS 

$13.3 

$7.6 

$46.0 

$66.9 

5.0  Wake  Vortex  Avoidance  System  (WVAS) 


A major  constraint  on  airport  capacity  is  the  problem  of 
aircraft  wake  vortices — a pair  of  counter  rotational  air 
masses  left  in  the  wake  of  all  aircraft  in  flight. 

Vortices  of  a large  aircraft  can  present  a severe  hazard 
to  another  aircraft  which  inadvertently  encounters  the 
them.  The  following  aircraft  can  be  subject  to  rolling 
moments  which  exceed  the  aircraft  roll  authority  and  lead 
to  dangerous  loss  of  altitude  or  to  a possible  structural 
failure.  The  problem  becomes  most  acute  in  the  terminal 
area  where  a large  number  of  aircraft  operating  within  a 
small  contained  airspace  increases  the  probability  of  an 
encounter  with  a vortex  and  where  there  is  little  time  to 
recover  due  to  the  lower  altitudes  involved. 

In  the  absence  of  an  operational  means  to  detect,  track, 
and/or  predict  the  location  and  severity  of  wake  vortices, 
the  FAA  has  maintained  safety  by  increasing  the  Instrument 
Flight  Rule  (IFR)  separation  standards  from  3 nautical 
miles  (nmi) , which  was  in  common  use  prior  to  the  introduc- 
tion of  the  wide-bodied  heavy  aircraft,  to  at  least  5 nmi 
for  light  aircraft  following  heavy  (300,000  pounds  gross 
take-off  weight  or  larger)  aircraft.  The  increase  in 
separation  standards  has  reduced  airport  arrival  (and 
departure)  capacity  and  poses  one  of  the  major  obstacles 
to  increasing  capacity.  Imposition  of  5 nmi  spacing  during 
IFR  conditions  and  practices  used  during  Visual  Flight 
Rule  (VFR)  conditions  to  assure  safe  separation  have  caused 
roughly  a 10  percent  loss  in  runway  acceptance  rates  under 
IFR  conditions  and  a 10  to  20  percent  loss  in  the  VFR 
rate  [ ] . 

5 . 1 Proposed  UG3RD  Improvement 

The  Wake  Vortex  Avoidance  System  (WVAS)  is  being  developed 
to  be  used  in  the  terminal  airspace  to  detect  and/or  predict 
the  presence  of  aircraft  wake  vortices,  to  evaluate  whether 
a threat  exists  to  a following  aircraft,  and  to  command  the 
hazard  avoidance  action.  Premises  for  development  of  WVAS 
are  that: 

(1)  Most  vortices  m.ove  quickly  off  the  flight  path 

and  do  not  constitute  a hazard  to  aircraft  following 
on  the  same  flight  path  even  at  small  separations. 

(2)  The  intensity  and  movement  of  vortices  can  be  pre- 
dicted based  on  a knowledge  of  the  generating 
aircraft’s  characteristics  and  the  existing 
meteorological  conditions. 

(3)  Vortices  can  be  detected  and  tracked  at  selected 
points  along  the  approach  (or  departure)  path 
through  the  use  of  sensors. 


final  system  configuration  of  the  WVAS  has  not  yet  been 
defined.  A partial  model  of  the  WVAS  is  being  tested  at 
Chicago's  O' Hare  (ORD)  Airport,  however,  and  the  resultant 
data  will  be  instrumental  in  deciding  the  final  WVAS  con- 
figuration. A configuration  of  WVAS  incorporating  all 
technical  features  now  under  evaluation  could  consist  of 
the  following  components: 

1.  A meteorological  network  and  computer  processor 
capable  of  predicting  expected  vortex  residual 
time  in  the  approach  corridor. 

2.  Active  vortex  acquisition  and  tracking  sensors. 

3.  Processing  equipment  for  coupling  the  predictions 
and  active  vortex  sensor  data  to  determine  air- 
craft separation  requirements. 

For  purposes  of  the  UG3RD  system  cost-benefit  analysis  two 
levels  of  WVAS  development  have  been  embodied  in  the  various 
alternative  system  configurations.  Specifically,  UG3RD 
configuration  1 assumes  'manual'  WVAS  capability  and  con- 
figurations 2 through  5 assume  'automated'  WVAS  capability. 
The  basic  design  of  the  WVAS  is  identical  for  both  the  manual 
and  automated  WVAS.  The  distinction  in  terms  of  system 
operation  is  that  the  manual  VIVAS  maintains  separation  stand- 
ards with  the  use  of  a controller  in  the  loop;  the  automated 
WVAS  is  interfaced  with  the  ARTS  III  computer  and  separation 
standards  will  be  established  to  constrain  the  metering  and 
spacing  demand. 

5 . 2 Implementation  Assumptions 

UG3RD  configuration  1 is  defined  to  include  manual  WVAS 
capability  (see  Table  1.1).  Given  that  operational  WVAS 
technology  is  anticipated  to  be  available  prior  to  1985 
[ 26]  and  in  order  to  maximize  the  performance  impact  of 
other  elements  of  the  UG3RD  system,  manual  WVAS  capability 
was  assumed  installed  and  operational  at  the  30  terminals 
listed  in  Table  4.2  by  1985.  UG3RD  configurations  2 through 
5 are  defined  to  include  automated  WVAS  capability.  Based 
on  the  same  rationale  governing  configuration  1 implemen- 
tation assumptions,  automated  WVAS  was  assumed  installed 
at  the  30  terminals  listed  in  Table  4.3  by  1990.  These 
implementation  schedules  differ  from  that  suggested  in  a 
cost-benefit  analysis  of  WVAS  completed  by  Computer  Sciences 
Corporation  [ 9 ] which  recommended  that  VTVAS  be  confined  to 
only  12  airports.  Implementation  assumptions  of  the  present 
study  are  consistent  with  the  goal  of  reviewing  UG3RD  costs 
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and  benefits  from  a system  perspective.  VA7AS  implementation 
is  required  in  order  to  maximize  capacity  impacts  of  metering 
and  spacing  capability  provided  by  UG3RD  terminal  automation 
improvements  and  improved  surveillance  provided  by  DABS. 

5 . 3 System  Costs 

At  present,  two  different  sensing  devices  are  candidates  for 
inclusion  in  WVAS--ground  wind  sensors  and  monostatic  doppler 
acoustic  sensors.  In  estimating  WVAS  costs  for  use  in  the 
UG3RD  system  cost-benefit  analysis,  it  was  assumed  that 
monostatic  doppler  acoustic  sensors  would  be  employed.  This 
assumption  was  adopted  because  doppler  sensors  are  more  costly 
than  the  ground  wind  sensors,  hence  including  those  costs 
in  the  cost-benefit  analysis  provides  more  conservative 
estimates  of  net  benefits.  Table  5.1  presents  annual  estimates 
of  WVAS  costs  for  various  UG3RD  system  configurations. 

5.3.1  Engineering  and  Development 

Annual  estimates  of  WVAS  engineering  costs  were  obtained  from 
An  Overview  and  Assessment  of  Plans  and  Programs  for  the 
Upgraded  Third  Generation  aTF  Traffic  Control  System  f 26] 
for  the  period  FY  1976  through  FY  1978.  A combined  total 
was  also  provided  for  the  period  FY  1979  through  FY  1983. 

In  developing  annual  estimates,  it  was  assumed  that  an 
equal  amount  would  be  spent  on  engineering  and  development 
during  1979  through  1983. 
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5.3.2  Facilities  and  Equipment 

WVAS  costs  at  John  F.  Kennedy  International  Airport, 

San  Francisco  International  Airport,  and  Chicago  O' Hare 
International  Airport  were  taken  from  the  Wake  Vortex 
Avoidance  System  Cost/Benefit  Study  [ 9 ] . Cost  methods 
employed  in  this  source  were  used  to  calculate  separate 
estimates  of  facility  and  equipment  costs  at  nine  other 
terminals : 

1.  Los  Angeles  International  (LAX) 

2.  Dallas-Ft  Worth  (DFW) 

3.  La  Guardia  (LGA) 

4.  Denver  (DEN) 

5.  Miami  International  (MIA) 

6.  Philadelphia  (PHL) 

7.  Logan  Field,  Boston  (BOS) 

8.  Atlanta  (ATL) 

9.  Pittsburgh  (PIT) 

These  estimates  are  given  in  Table  5.2.  In  preparing  the 
estimates,  it  was  not  possible  to  conduct  physical  inspec- 
tions of  terrain  to  determine  placement  of  meteorological 
towers.  Instead  estimates  were  based  on  airport  layout 
and  conform  to  the  regulations  of  FAR  77  on  the  placement 
of  objects  within  the  airport  vicinity.  It  was  assumed 
that  every  runway  end  would  be  instrumented  with  monostatic 
doppler  acoustic  sensors.  The  amount  of  cabling  required 
for  each  airport  was  determined  by  relating  airport  size 
relative  to  the  three  airports  analyzed  in  the  Wake 
Vortex  Avoidance  System  Cost/Benefit  Study  [9  1 . 

For  the  remaining  18  airports  where  WVAS  is  assumed  imple- 
mented, a uniform  facility  and  equipment  cost  of  $700,000 
per  terminal  was  assumed.  This  cost  is  compatible  with 
the  estimate  for  Pittsburgh  (PIT) , the  lowest  cost  estimate 
of  the  12  separate  terminal  estimates.  Most  of  the  18 
remaining  airports  are  smaller  than  the  12  airports  estimated 
separately  and  it  therefore  appears  reasonable  to  assume  that 
$700,000  per  terminal  is  an  upper  bound  for  the  18  remaining 
terminals . 

WVAS  facility  and  equipment  costs  consist  of  the  non-recurring 
cost  categories  used  in  the  WVAS  cost-benefit  analysis  [ 9 ] . 
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TABLE  5.2 


ESTIMATED  WVAS 
COSTS  BY  TERMINAL- 
UG3RD  SYSTEM  CONFIGURATION  1 


Airport 

F&E  Cost 

O&M  Cost 

Chicago  (ORD) 

$1,085,349 

$49,571 

Atlanta  (ATL) 

1,047,980 

48,169 

New  York  (JFK) 

974,581 

48,475 

Los  Angeles  (LAX) 

1,464,870 

42,764 

Dallas  (DFW) 

1,036,280 

48,165 

San  Francisco  (SFO) 

1,268,718 

50,203 

New  York  (LFA) 

887,718 

46,912 

Denver  (DEN) 

724,240 

45,601 

Miami  (MIA) 

1,020,234 

48,103 

Philadelphia  (PHL) 

724,240 

45,601 

Boston  (BOS) 

1,307,679 

41,147 

Pittsburgh  (PIT) 

703,010 

45,591 

i 
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Non-recurring  costs  include  acquisition,  installation  and 
initial  training  costs  occurring  on  a one-time  basis  at  the 
time  of  implementation.  Acquisition  costs  include  the  cost 
of  the  hardware  components,  initial  spares  and  repair  parts, 
and  test  and  maintenance  equipment.  Hardware  components 
costs  were  taken  from  Table  5.3  and  multiplied  by  the  number 
of  units  required  at  each  site.  Initial  spares  and  repair 
parts  were  estimated  at  10  percent  of  hardware  cost.  Test 
and  maintenance  equipment  was  estimated  at  3 percent  of  hard- 
ware costs. 

Installation  costs  include  cable  laying,  component  emplacement, 
hardwiring,  initial  alignment,  and  a constant  fee.  Cable 
laying  costs  vary  from  airport  to  airport  because  of  construc- 
tion codes  and  include  entrenching  and  cable  laying  (in 
conduct)  to  tie  meteorological  equipment  to  the  control  tower. 
Cable  is  also  necessary  to  link  the  ground  wind  sensor  lines. 
Costs  to  lay  cable  vary  from  $3.75  to  6.00  per  foot.  Com- 
ponent emplacement,  hardwiring  and  initial  alignment  are 
estimated  $15,000  for  each  WVAS.  A $10,000  consultant  fee 
is  added  for  a local  contractor  to  satisfy  initial  administra- 
tion requirements  (identifying  installation  specifications 
toward  required  codes)  and  to  monitor  the  installation  process. 
An  initial  training  fee  is  estimated  at  $1250  to  include 
the  cost  of  training  personnel  to  monitor  the  system. 

Cost  differentiation  between  manual  WVAS,  UG3RD  system  con- 
figuration 1,  and  automated  WVAS,  configuration  2 through 
5,  is  the  addition  of  two  modems  to  the  automated  WVAS. 

These  modems  will  structure  the  signals  from  the  WVAS  to 
interface  with  the  ARTS  III  computer.  The  modems  costs  are 
approximated  at  $20,000  per  unit. 

5.3.3  Operations  and  Maintenance 

The  operation  and  maintenance  cost  consists  of  maintenance, 
repair  parts,  leasing,  power  and  retraining  costs.  It  is 
envisioned  that  the  system  will  be  maintained  by  in-house 
0 personnel  augmented  by  one  additional  repairman.  For 

costing  purposes,  an  additional  man-year  at  $18,500  plus 
administrative  overhead  at  $18,500  per  year,  has  been  added 
to  the  annual  recurring  cost  to  cover  the  added  maintenance 
requirement.  Repair  parts  are  estimated  at  1 percent  of 
hardware  component  costs.  Leasing  costs  includes  the  cost 
to  lease  land  for  deployment  of  hardware  at  those  sites  where 
land  is  not  available  inside  airport  boundaries.  Other 
leasing  costs  consist  of  leasing  existing  or  planned  cable 
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TABLE  5 . 3 


WAS  HARDWARE  COMPONENT  COSTS 


Subsystems 


Unit  Cost 


Meteorological  Subsystem: 


towers  and  safety  features 

$1,000 

met  sensors  (solid-state) 

2,000 

converter  multiplexer 

450 

line  transmitters/receivers 

1,000 

transformers 

100 

tower  cabling 

0.50/ft. 

tie-in  cabling 

3.75-6.00/ft. 

Sensor  Subsystem 

ground  wind  sensor  (solid- 
state) 

$2,000 

converter  multiplexer 

450 

line  transmitters/receivers 

1,000 

sensor  cabling 

6 ,400/sensor 
line 

tie-in  cabling 

3.75-6.00/ft. 

monostatic  Doppler  acoustic 
system 

80,000 

Processing  Subsystem 

Minicomputer  (Nova  800) 

$15,000 

Software  alignment 

50,000 

Display  Subsystem 

controller  display 

$ 1,000 

alarm  system 

500 

r 


from  components  tie-in  points  to  the  control  tower  from  local 
telephone  service  organizations.  Power  (32.00kwh)  is  estimated 
at  $1,500  per  system  per  year.  Retraining  at  an  assumed  10 
percent  annual  turnover  is  estimated  at  $1,250  per  year. 

Annual  O&M  for  twelve  airports  are  given  in  Table  5.2.  The 
costs  of  Chicago  O' Hare  (ORD)  . New  York  (JFK)  and  San  Francisco 
(SFO)  are  taken  from  the  Computer  Science  Corporation  cost- 
benefit  study  [ 9 ] . The  other  nine  airport  costs  are  values 
calculated  for  the  present  report.  Operations  and  maintenance 
costs  for  the  18  terminals  (where  WVAS  is  assumed  to  be 
implemented  but  excluded  from  Table  5.2)  were  set  at  $45,000 
per  terminal — a value  consistent  with  the  facility  and  equipment 
estimate  of  $700,000. 


6.0  Benefit-Related  Unit  Cost  Estimates 


A consistent  set  of  benefit  related  unit  cost  factors  was 
required  for  the  UG3RD  system  cost-benefit  analysis  [ 18  ] • 

To  this  end,  1975  costs  were  estimated  for  operation  of 
generic  aircraft  types,  the  value  of  air  traveler  time, 
delay  costs  by  aircraft  type,  and  safety-related  items. 

Unit  costs  are  used  to  establish  the  total  value  of  delay 
reductions  associated  with  alternative  UG3RD  system 
configurations  and  various  safety  benefits. 

6 . 1 Aircraft  Operating  Costs 

At  the  inception  of  this  study,  the  most  current  unit  cost 
data  available  for  transport  aircraft  (air  carriers  and  air 
taxi)  operated  by  certificated  route  air  carriers  were  for 
the  year  1974  and  appeared  in  the  Aircraft  Operating  Cost 
and  Performance  Report,  Civil  Aeronautics  Board  [ 8 ] • The 
data  in  this  publication  were  compiled  from  information 
reported  monthly  and/or  quarterly  by  the  certificated  air 
carriers  on  their  direct  operating  costs  (DOC) . These  data 
are  then  averaged  over  the  reporting  period,  in  this  case, 

FY  1974,  by  the  CAB.  The  DOC  is  given  in  many  forms,  such 
as  cost  per  aircraft  mile,  cost  per  revenue  passenger  mile, 
cost  per  available  seat  mile,  and  the  most  useful  for  present 
purpose — the  cost  per  block  hour.  Block  time  is  defined  as 
the  time  from  the  moment  the  aircraft  first  moves  under  its 
own  power  for  purposes  of  flight  until  it  comes  to  rest  at 
the  next  point  of  landing.  It  includes  taxi  time  before 
take-off  and  after  landing,  take-off  and  landing  time,  and 
airborne  time. 

Comparable  cost  data  are  not  maintained  by  the  Civil 
Aeronautics  Board  for  general  aviation  (GA) . However,  a 
recent  study  [ 15  ] conducted  for  the  FAA  Office  of  Aviation 
Policy  does  provide  detailed  GA  operating  costs  for 
eight  aircraft  types.  Because  five  of  the  GA  categories 
represent  variations  of  turbine-powered  aircraft  which,  in 
total,  constitute  only  2 percent  of  the  fleet,  all  turbine 
aircraft  were  combined  into  a single  category.  GA  unit 
costs  of  aircraft  operation  were,  therefore,  computed  for 
the  following  categories  of  aircraft: 

Single  engine,  1-3  passengers 

Single  engine,  4 or  more  passengers 

Multi-engine,  piston 

Turbine 
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TABLE  6.1 


ESTIMATED  1975  AIRCRAFT  DIRECT 
OPERATING  COSTS 


Fuel 


Aircraft 

DOC-Less 

Fuel 

Consump. 

Rate 

Fuel  Cost 

Total 

-YP^ 

($/min. ) 

(gal. /min. ) 

gal. ($/min. ) 

($/nin. ) 

Air  Carrier 


4 Engine 

Wide  Body 

$27.99 

56.3 

$15.37 

$43.36 

Conventional 

12.77 

29.1 

7.95 

20.71 

3 Engine 

Wide  Body 

22.05 

37.7 

10.30 

32.34 

Conventional 

10.35 

21.7 

5.92 

16.27 

2 Engine 

8.55 

15.0 

4.10 

12.66 

Turboprop 

14.46 

10.6 

2.90 

17.36 

Air  Taxi 

General 

Aviation 

4.95 

2.32 

.63 

5.59 

Single  Engine, 

1-3  pax 

Single  Engine, 

.69 

.17 

.13 

. 82 

4+  pax 

.98 

.22 

.16 

1.15 

Multi  Engine 

2.49 

.55 

.43 

2.92 

Turbine 

10.39 

5.25 

3.89 

14.29 
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Data  on  1974  operating  costs  for  air  carriers  and  taxis  were 
used  to  estimate  1975  operating  costs.  This  was  accomplished 
by  substituting  data  on  1975  fuel  costs  published  in  Aviation 
[ 6 ] for  1974  fuel  costs  and  then  inflating  remaining 
cost  elements  from  1974  to  1975  dollars  by  means  of  the 
consumer  price  index  reported  in  Monthly  Summary  of  Business 
Conditions  [31].  Table  6.1  presents  estimates  of  1975  direct 
operating  and  fuel  costs  for  various  aircraft  categories. 
Following  CAB  precedent,  depreciation  costs  are  included  in 
the  direct  operating  costs. 

6 . 2 Passenger  Delay  Costs 

In  a Civil  Aeronautics  Board  study  of  fare  elasticities, 

Brown  and  Watkins  estimated  the  value  of  time  of  first  class 
air  passengers  at  $11.97  an  hour  and  for  coach  passengers  at 
$8.09  an  hour.  In  1975  dollars,  these  estimates  become 
$17.09  and  $11.55  respectively.  Based  on  a 1967  survey  [n] 
of  air  travelers,  De  Vany  [12]  developed  an  estimate  of 
passenger  time  which  translates  to  $12.80  per  hour  in  1975 
dollars.  In  the  conduct  of  the  ATTMS  study,  Rand  [ ] 

incorporated  an  estimate  of  $13.88  equivalent  1975  dollars 
for  the  value  of  time  for  GA  activities.  An  estimate  of 
$12.50  per  hour  was  adopted  as  the  value  of  passenger  time 
for  use  in  the  present  study.  This  value  was  selected  as 
consistent  with  existing  FAA  policy  on  the  value  of  passenger 
time  and  is  basically  compatible  with  De  Vany's  estimate. 

The  average  number  of  passengers  per  flight  for  various  air- 
craft types  was  obtained  from  CAB  statistics  [ 8 ] • An 
estimate  of  the  average  number  of  passengers  on  board  general 
aviation  was  provided  by  the  Forecast  Branch,  Policy  Formula- 
tion Division,  Office  of  Aviation  Policy,  FAA.  Using  this 
information  in  conjunction  with  the  value  of  passenger  time, 
passenger  delay  cost  per  minute  by  type  of  aircraft  was 
calculated  and  appears  in  Table  6.2.  Also,  Table  6.2  adds 
passenger  delay  cost  and  aircraft  operating  cost  to  estimate 
total  delay  costs  per  minute  by  type  of  aircraft. 


TABLE  6.2 


PASSENGER  DELAY  AND  TOTAL 
AIRCRAFT  DELAY  COSTS 


Total 

Delay 


Air  Carrier 

Avg . No . 
Pax. 

Pax.  Cost 
($/Min. ) 

DOC 

($/Min. ) 

Cost 

($/Min 

J 4 Engine 

i Wide  Body 

166.5 

34.69 

43.36 

78.05 

f:  Conventional 

77.0 

16.04 

20.71 

36.75 

3 Engine 

: Wide  Body 

110.7 

2 3.06 

32.34 

55.40 

! Conventional 

63.7 

13.27 

16.27 

29.54 

i 2 Engine 

55.6 

11.58 

12.66 

24.24 

Turboprop 

General 

Aviation 

■ 

41.6 

8.67 

17.36 

26.03 

Single  Engine, 

1-3  pax 
Single  Engine, 

1.4 

.29 

.82 

1.11 

4+  pax 

2.3 

.48 

1.15 

1.63 

Multi  Engine 

3.4 

.71 

2.92 

3.63 

Turbine 

3.8 

.79 

14.29 

15.08 

6.3  Aircraft  Accident  Costs 


The  monetary  cost  of  aircraft  accidents  includes  the  loss  and/ 
or  damage  to  property  and  the  loss  and/or  injury  to  human  life. 

6.2.1  Property 

Because  of  FAA  certification  requirements,  all  aircraft  of  a 
given  fleet  are  presumed  to  be  equally  safe.  The  probability 
of  accident  is  thus  presumed  uniform  throughout  the  fleet. 

The  average  present  value  of  the  various  elements  of  that 
fleet  can  therefore  be  considered  the  basis  for  the  repair  or 
replacement  of  any  element  involved  in  an  accident. 

Data  reported  in  the  1974  edition  of  the  Airline  Statistical 
Annual  [ 5]  estimates  total  air  carrier  (trunk  and  local  jet) 
flight  equipment  value  at  slightly  over  $12.6  billion  at  the 
start  of  1974.  At  that  point  in  time  this  fleet  consisted 
of  2091  aircraft;  thus  the  average  value  per  aircraft  on 
January  1,  1974  was  about  $6.04  million. 

This  value  is  compatible  with  the  estimated  $6.0  million  air 
carrier  replacement  value  put  forth  in  Establishment  Criteria 
for  Category  ^ Instrument  Landing  System  [?  t ] . The  nominal 
air  carrier  replacement  value  was  taken  as  $6.0  million. 

Replacement  cost  of  GA  aircraft  is  averaged  over  an  extensive 
and  diverse  fleet.  The  nominal  value  of  $50,000  put  forth  in 
Establishment  Criteria  for  Category  I Instrument  Landing  System 
[ 23]  is  compatible  with  a value  of  $T7,000  per  aircraft 
established  by  Rand  by  averaging  over  the  1972  GA  fleet  in 
the  conduct  of  an  AATMS  benefit  study  [29]  and  that  of  $47,600 
for  the  1974  fleet  determined  from  an  Office  of  Aviation  Policy 
sponsored  study  of  GA  cost  impacts  [15].  A value  of  $50,000 
was  adopted  for  use  in  the  UG3RD  system  cost-benefit  system. 

Air  taxi  replacement  costs  were  estimated  at  $200,000  per 
aircraft  in  the  ILS  study.  Given  the  overall  consistency  of 
estimates  from  that  study  with  other  sources,  an  estimated 
replacement  cost  of  $400,000  for  air  taxis  was  adopted  for 
analysis  of  UG3RD  costs  and  benefits. 

The  CAB  recognizes  several  categories  of  damage  to  aircraft-- 
destroyed,  substantial  damage,  minor  damage,  and  none.  The 
cost  of  a destroyed  aircraft  is  to  be  taken  as  the  replacement 
cost  given  above.  Insurance  experience  indicated  that  the 
average  repair  cost  of  a substantially  damaged  aircraft  is 
one-third  of  the  replacement  cost.  Repair  costs  are  negligible 


Information  on  the  value  of  third  party  property  damage  arising 
irom  aircraft  accidents  are  quite  limited  and  no  firm  cost 
figures  have  been  uncovered.  However,  estim.ates  were  made 
by  Rand  [2^^]  based  on  an  earlier  study  by  Fromm  [17].  These 
estimates  are  $40,000  for  air  carriers  and  $400  for  general 
aviation.  No  estimate  of  third  party  property  damage  is 
available  for  air  taxis. 

6.3.2  Human  Life 


Aircraft  accident  fatalities  were  valued  at  $300,000,  the 
am.ount  recomm.ended  by  the  FAA  Office  of  Aviation  System  Plans. 
This  cost  is  based  on  non-Warsaw  payments  during  the  period 
1966-1970  projected  to  1975. 


Non-fatal  accidents  are  categorized  as  "serious"  and  "minor" 
by  the  CAB.  Aside  from  the  number  of  accidents  and  injuries, 
very  little  is  known  about  the  extent  of  injuries,  the  average 
length  of  hospitalization,  medical  costs,  loss  of  income,  etc. 
Fromm  [17]  assumed  that  the  average  seriously  injured  passenger 
requires  about  six  months  to  fully  recuperate  from  the  accident 
w’ith  a per  injury  cost  of  $45,000  for  air  carrier  and  air  taxi 
accidents  and  $38,000  for  GA  accidents.  The  lower  cost 
attributable  to  the  GA  victim,  despite  a generally  higher 
income,  reflects  much  lower  per  incident  accident  costs. 

For  minor  injuries,  Fromm  assumed  that  the  victim  is  incapac- 
itated for  one  month.  The  per  injury  cost  is  estimated  at 
$6000. 


Costs  of  aircraft  accidents  are  sumriarized  for  property  damage 
and  damage  to  human  life  in  Table  6.3. 


TABLE  6.3 


UNIT  AIRCRAFT  ACCIDENT  COSTS 
(OOO's  DOLLARS) 


Property  Damaqe 

Destroyed 

Substantially 

Damaqed 

Minor  Damage 
or  None 

Third 

Party 

Damage 

Air  Carrier 

$6,000 

$200 

$0 

$40 

Air  Taxi 

200 

67 

0 

- 

General  Aviation 

50 

16 

0 

0.4 

Loss  or  Injury  to 
Human  Life 

Fatality 

Serious  Injury 

Minor  Injury 

Air  Carrier 

300 

45 

6 

Air  Taxi 

300 

45 

6 

General  Aviation 

300 

38 

6 
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